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cuidate OF THE DIESEL ‘ENGINE 


The Diesel epee was invented in 1992 by Dr. Rudolph Diesel, a German 
scientist, but the first successful engine: was completed: in 1897, a single- 
cylinder, 25-horsepower unit. The first Diesel engine-powered locomotive 
for underground mines is said to have been ‘placed in service in the Ruhr) 
coal-mining district -in Germany in 1927; in 1931. there were 57 units in 
the district,’ and by. 1934 thc number ‘had increased to 115, In all of Ger- 
many , 189 Diesel Locomotives were said to. have oe. in service in under~ 
ground mines in 1954. ee 


* Diesel Locomotives | wore , placed 3 in’ service in avenen ‘and Heleian. eal 
mines soon after Germany demonstrated their success, both as to safety and 
efficiency, in underground use. The first Diesel locomotive used under- 
ground in English coal mines was placed in service in 1939; in April 1946, 


40 flame-proof Diesel locomotives weré in service in mines in the British 
Tales. | 


The first Diesel ieecawtlres ee aes an tie United etaies: is 
Said to have beén placed in ‘service in 1939. - The first Diesel locomotive | 
to be used underground: in a coal mine in. the United States. was placed in 
8ervice at a western mine: in 1946 under. special: regulations imposed by the 
State Mine Inspection Department. . Diesel locomotives were used to good. 
advantage by come contractors in driving portions of. the Delaware River .. 
Aqueduct caneee in eee haa ean end: ‘were meee in service in August 1959. 


‘PRINCIPLE | OF. THE DIESEL ENGINE - 


A Diesel engine is a high-compression-.internal-combustion mechanism 
that differs fundamentally from the gasoline engine. In the gasoline en- 
gine, fuel and air are mixed’ before: they enter. the éngine cylinder; in the 
Diesel, fuel and air aré mixed inside the cylinder. The gasoline engine 
compresses & mixture of gasoline -and dir, which. is ignited by a spark; the 
Diesel engine compresses 4 chargé of. air into which.oil is sprayed, and 
ignition is accomplished ‘by:-the heat of compression. .The air in the cylin- 
der is compressed until -its temperature is approximately i, OQO°F.,- and a. 
measured quantity ‘of fuel oil is' sprayed into the hot ‘air; whereupon it. 
burns immediately.’- In thé Diesel engine ‘the quantity ‘of air in the cylin- 
der is held constant and: always: exceéds the amount required to.burn the. 
fuel oil completely.‘ The amount of fuel: ofl injected into the cylinders’ - 
is varied to change the engine speed and power. The compression ratio is 
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much higher in Diesel engines than in gasoline engines, and this is one 
of the important reasons for Diesel-engine efficiency, as it is a funda- 
mental rule that increasing the compression ratio increases the efficiency 
of an engine. 


There are two general types of Diesel engines - 4-cycle and 2-cycle. 


4-Cycle Engine 


Briefly, the 4-cycle engine operates as follows: The piston moves 
downward from the top of the cylinder, the inlet valves are open, and air 
is drawn into the cylinder. The piston reaches tne bottom of the cylinder, 
and the inlet valves close. This is the first stroke. On the second — 
stroke, the piston moves to the top of the cylinder, compressing the air 
to 500 or 600 Pounce. per square inch; the temperature of the compressed 
air may reach 1,000°F. Fuel in a spray is injected into the hot air at 
the top of the cylinder, and it burns immediately. The third stroke is 
known as the power stroke; the hot gases from the burning fuel oil expand, 
increasing the pressure inside the cylinder, forcing the piston down to 
the bottom of the cylinder. The fourth stroke.is the one that exhausts; 
the exhaust valve opens, and the burned gases are swept out of the cylin- 
der, making room for a new charge of fresh air. 


e-Cycle Engine 


Operation of the 2-cycle engine is similar to that of the 4-cycle en- 
gine, except that the @-cycle engine has one power stroke for each two 
strokes of the piston. Compression, fuel injection, and expansion of the 
gases: occur essentially as in the 4-cycle engine,. The.exhaust valve in 
the top of the cylinder opens when the piston.is near the bottom of the 
cylinder and releases the burned gases. The air-inlet. valve near the lower 
end of the cylinder opens, and the air forces the remainder of the burned 
gases out of the cylinder; the exhaust valve closes,.and the upstroke of 
the piston compresses the air on another cycle. Intake of Tresh air and 
exhaust (of burned eo take place Simulteneously. | 


GASES EVOLVED IN THE EXHAUST OF A | DIESEL ENGINE” 


The exnauee: gas of the Diesel engine consists. of the eeeuees of com- 
bustion .of Diesel fuel and the air in which it is burned.. Diesel fuel, | 
commonly termed fuel oil, is a hydrocarbon mixture consisting. génerally of 
about 85 percent carbon with the remainder hydrogen and possibly small 
quantities of. sulfur. When the Diescl cngine is operated within its nor- 
mil range of. power output, virtually all. ot the carbon in. the.fuel o11 
burns to carbon dioxide, and the hydrogen burns to water; any sulfur pre- 
Sent burns to the oxides of sulfur. A small percentage of. the carbon in 
the fuel oil does not burn: to carbon dioxide, with the result that a rela- 
tively small amount. of’ carbon monoxide is always present in the exhaust 
gases of a Diesel engine. 
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Aldehydes are produced by the partial combustion of fuel oil in a 
Diesel-engine cylinder; these largely are responsible for the odor asso- 
ciated with the exhaust of a Diesel engine. Aldehydes in high concentra- 
tions irritate the eyes, throat, and nose. | 


Ancther byproduct of combustion in Diesel-engine operation is formed 
by the reaction of the oxygen and nitrogen of the air inside the c:linders 
during combustion. This product is termed oxides of nitrogen (NO,). The 
chemical reaction takes plece in the cylinders because of the high temper- 


ature in the Diesel cylinders during combustion; the fuel does not enter 
into this reaction. ae * A : 


| The composition of Diesel exhaust gases:depends chiefly on the eir 

and fuel im the cylinders during combustion, or, in other words, the air:fuel 
ratio, The ratio is expressed in terms of weight, that is, pounds of air 

per pound Of fuel. The air:fuel ratio is at its minimum at the minimum 

power Output, as when the engine is idling; the ratio is maximm at full 

load and Speed, as when the engine is working et its highest capacity. 

The air:fuel ratio at. maximum power output, or full throttle, is the most 
simificant, as the weight of the exhaust gases is at ao maximum when the 


engine 18 working at capacity and requires full throttle or injection of 
fuel oil. . _ : 


+ AS the eir:fuel ratio is cxpressed in terms of the weight of air per 
pound of fuel and is independent of the volume occupied by the air, the 
ratio varies with the altitude of the locality where the Diesel unit is 
operating. For example, a Diesel engine may be adjusted so that it is in 
Perfect working condition at a 1,000-foot altitude, and the exhaust gases 
are well within the permissible limits; however, if the engine, utilizing 
the same procedure, is taken to an altitude of 8,000 feet, the air:fuel 
matlo will be different,-as tho air at thet altitude is lighter in weight 
oe larger volume of it is required to weigh a pound. Therefore, the 
ee of fuel ofl injected into the cylinders must be adjusted to restore 
air:fuel ratio at which the engine is designed to operate, as the 

me of the cylinders is constant. 7 
senerney Tie fuel ratio of 20 pounds of air per pound of fuel is selected 
las ¥ 8S the most conducive to maximum efficiency of operation et full 
ne and full speed. The exhaust gases at this ratio contuin a dangerous 
wre Of toxic and harmful gases. The chemically correct mixture for. 
any ©Xidation of the carbon in the fuel oil to carbon dioxide is’ about 
on P Ut at this ratio maximum quantities of carbon monoxide and hydrogen 
“MEd, as well as a small amount of methane. (Fig. 1.): | 


CHARACTERISTICS OF THE DIESEL EXHAUST GASES 
The Principal gases composing the exhaust from a Diesel engine are 


Be Dioxide, carbon monoxide, oxides of nitrogen, aldehydes, oxides of 
wy Oxygen , nitrogen, and smoke, - . ) 
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Carbon Dioxide 


Carbon dioxide is e colorless and odorless gas; it is heavier than air 
and may accumulate near the floor of sn inadequately ventilated tunnel or 
mine working. Wnen breathed, one-half of 1 percent (0.5 percent) of carom 
dioxide causes a slight increese in lung ventilation, i.e., causes deeper 
breathing, and 2 pene ene causes about 50 bee mGREBES in lung ventilaticr, 


Carbon dioxide is: formed in the peuviters oxidation of the carbon in 
the fuel oil. The maximum carbon dioxide content of an atmospnere in which 
' @ Diesel engine can be operated safely is 1 percent, but 0.5 percent is 
preferable. An atmosphere containing 1 percent of carbon dioxide is not 
considered satisfactory for a working environment, and the sureau of Mines 
recommends that the maximum allowable carbon-dioxide content of the atmos- 
phere. in mines be less than 0. 2 Pena 7 


Gavan Meneaas 


Carbon monoxide is a Jsienieys and odorless re it is slightly lighter 
weight than air, diffuses easily into the surrounding atmosphere, but may accy- 
mulate in the top of working places that are not well-ventilated. It is 
extremely dangerous to breathe; a carbon monoxide content of 0.20 to 0.25 
percent in air that is breathed produces unconscicusness in approximately 
50 minutes; a concentration of 0. O4 percent causes poccecus and discemfort 
within e to 3 hours. 


‘Carbon monoxide is produced in Diesel engines as a result of incomplete 
combuation of the carbon in the fuel oil; contrary to the belief of some 
people, carbon monoxide is almost. alweys ‘present in the exhaust fumes of a 
Diegel engine. A Diesel engine working within the range of tne air:ruel 
mixtures for which it is adjusted by the manufacturer produces much less 
carbon monoxide than e gasoline engine, and undsr such conditions the amount 
of carbon monoxide in the exhaust gas can be diluted and removed safely by 
having a reasonable amount of ventilating air in the underground workings 
in which the Diesel-engine exhaust gas is liberated. . 


A. Diesel engine operating at air:fuel ratios richer than the limit set 
by the manufacturer (usually 20 pounds of air per pound. of fuel oil) may 
produce enough carbon monoxide to create hazards equal to those produced 
by a gasoline engine; it is therefore ‘essential for safe use of a Dicsel 
engine underground that Buitable precautions be taken to prevent changing 
the airifuel ratio to a mixture richer than that designated by the manu- 
facturer. Fuel injection must be comtrolled by adjustment or design of 
equipment so that the resulting sa ce fuel ratio will be restricted 
to safe operation. 


“Oxides or een ia 


The term "oxides of nitrogen" is applied. to the toxic oxides or nitro- 
gen (NO) and nitrogen peroxide (NOs) or mixtures of them. The most serious 
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consequence of inhaling these eee is the formation of nitric and nitrous 
acids in the respiratory organs.—/ The presence of only a small percentage 
of oxides of nitrogen in the atmosphere may ultimately cause death. The 
maximum allowable percentage of oxides of nitrogen in mine air in various 
States ranges from 0.001 to 0.004 (10 to 40 parts per million).2/ The max- 
inum percentaye of this gas considersd permissible in the working environ- 
ments by the Bureau cf Mines is C.0C25 percent (25 parts per million) by 
volume, | 7 


An atmosphere containing one-half of 1- percent (0.5 percent) to 1.0 
percent of carbon monoxide is likeiy to be fatal to human beings in less 
than 30 minutes of exposure, whereas as little as 0.07 percent of oxides 
of nitrogen may cause fetalities in’ the same Jength of time.2/ This is an 
indication of the danger from exhaust gas of Diesel engines operated in 
confined places when proper precautions are not taken. 


Oxides of nitrogen: are formed by the reaction between oxygen and nitro- 
gen composing the air heated to a high temperature inside the cylinder of 
a Diescl engine. The fueloil does not enter into this particular chemical 
reaction in the cylinder, and the oxides of nitrogen result solely from the 
reaction between nitrogen and oxygen of the air brought about by high tenm- 
peraturcs in confined spaces. 


The ‘quantity of oxides of nitrogen produced by a Diesel engine when 
operating at full load and full speed is greater than when the engine is 
idling or running at a lower specd; this is due to the higher temperature 
inside the cylinder and to the increase in amount of air used in combustion of 
the fuel oil. Tne exhaust-gas cooling system in the usual up-to-date Diesel 
reduces the quantity of oxides of nitrogen formec, because the temperature 
of the exhaust gas is reduced by the water and some of the oxides of nitro- 
gen are taken into and held in solution. The ratio of the quantity of 
oxides of nitrogen formed to the quantity of carbon. monoxide formed in 
Diesel exhaust gases is not proportional, end in many instances the ratio 
of concentration of oxides of nitrogen to carbon monoxide was 2-1/2:1, 
wiith is within the "permissible maximum" of modern practice, but tests in- 
dicate that the ratio is always greater than 1:1. -The carbon monoxide con- 
tent (in percent) of the general atmosphere can, however, be used as an in- 
dicator of the percentage of oxides of nitrogen present. , 

European technical publications contain few data regarding the presence 
or oxides of nitrogen in the exhaust gases of Diescl engines; emphasis is 
Pleced almost entirely upon the amount of carbon monoxide present in the 
exhaust gases and in the atmosphere in’ which the Diesel engines arg Lh geclea 
Tests made in the United Stetes py the Bureau of Mines and others— 2/ show 
the presence of. the oxides cf nitrogen es. well as carbon monoxide in suffi- 
cient quantities to warrant consideration when ‘calculating: ventilating-air 
' requirements in mining operations wherc Diesel engines are used. 


-(/ Holz,.J..C., Berger, L. B., Elliott,.U. A.,. and Schrenk, H. H., Diesel 
Engines Underground. i. Composition of Exhaust Gas from Ingines 
in Proper. Mechanical Condition: . Bureau of Mines Rept. of Investiga- 
tions 4508, 1940, 48 po. ce : . 

5/ Ash, S. H., and Naus, L. L., Use of Diesel Locomotives in Tunnels: 
Bureeu of Mines Inf, Circ. 7222, 1942, 26 pp. 
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Aldehydes 


Aldehydes are a product of the incomplete oxidation of the hydrocarbons 

' in the - fuel oil. Chemically, an aideh;yde is defined as a colorless, ‘mopile, 
and very volatile liquid (CHz CHO) obtained from alcohol by moderate oxida- 
tion. However, there are many compounds in the aldehyde group; these are 
intermediate between the alcohols and acids and ciffer from the alconols in 
having two fewer hydrogen atoms in tne molecule. - The aldehydes are named 
for the acids they yield on oxidaticn or for hydrocarbons containing the 
same number of carbon atoms. The aliehydes are formed cia in: ear Ce oxieatiy 


Medea have a enaeactertetic sharp, aureecetine Basis and, éven in 
exceedingly small quantities, cause irritation to the eyes and the respira- 
tory passages, and their presence in the exhaust vas is largely responsible 
.for the so-called. "acrid exhaust" from Diesel engines; it is the only odor 
that can be detected in the exhaust gas, because the other gases, except the 
Slight traces of oxides of sulfur that may be present, are odorless. The 
odor of aldehydes greatly neon that of Rca ana: waren is the alde- 
-hyde of formic acid. 7 


araenyaee are pa eases oe and McGuire” o/ as follows: 


The term "aldehydes, "in reference. to eee ee exhaust 
gas, is used to describe certain’ products of partial oxidation | 
of the fuel. Formaldehyde (H.CHO) is typical of such compounds. 
Aldehydes are formed by reactions that take place in the initial 
stages.of combustion of the fuel, and if such reactions are 
chilled or arrested by the cooling action of engine surfaces, 
such as the cylinder walls, some of the aldehydes remain unburned 
throughout the final stages of combustion and are present in the 
exhaust gases discharged from the engine. Aldehydes are mainly © 
responsible for the.odor and irritating Proper tice of eee 
eae exhaust gas. 


The odor ‘neenaity ana ou © effect of undiluted Diesel-engine 
exhaust gas is shown in table iL 


The Bureau of Mines recommends that Diesel-engine exhaust gas, as 
diluted and discharged into’ the atmosphere, contain-no more then 10 parts 
per million, by volume, of eidely dee (as aqucqatenc formaldehyde) under any 
condition of eperaveces 


GF Bereer, L. B., and McGuire, L. ae Observations on the Use of a Diesel 
Freight Locomotive Through a Railway Tunnel: Bureau of Mines Rept. 
of Investigations 3887, 1946, 20 pp. | = 
T. Elliott, M. A., Holz, J. C., Berger, L. B.,-and Schrenk, H. H.,. Diesel 
| Maines Underground. III. Effect’ on Exhsust Gas Composition of 
Operating Engines in Mixtures of Normal Air and Natural Gas : 
Bureau of Mines Rept. of Investigations 3584, 1941, 50 pp. 
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. TABLE 1. - Relation of aldehyde concentration in exhaust gas to 
| odor intensity and irritating effects. 


Range of aldehyde con neentration 
in exhaust gas, parts per million, Se oe a er 
by A Degree of odor | Degree of irritation 
6 210 1066 a 6680 ee | DOING -o... }None to SLlight . 
Oe. “DO: seiee eww ewe wee Easily noticeable Slight 
DO =~ 100 wecocesecvosee | Hosily noticeable! Moderate to strong 
to strong 
LOC and CVOLr ceccccccsce mb strong Intolerabls 


‘Oxides OF. Sulfur 


The sulfur content. of. fuel oll, is eee form sulfur dioxide 
(SOo) and sulfur trioxide (805 ) but. these are. usually peponres as sulfur 
dioxide. 


Sulfur dioxide is a colorless, suffocating, irritating. gas: with a strong, 
pungent, sulfurous odor. It is poisonous even when present in small. percent- 
ages. Although 0.04 to 0,05 percent (400 to 500 parts per million) is con- 
sidered dangerous to persons on exposure of 50 to.60 minutes, the gas is so 
irritating to the eyes. and respiratory system that it is intolerable to re- 
main in and breathe an atmosphere containing.a dangerous amount of sulfur 
dicxide unless the victin is unable to poesene from it. 


Fuel ofl that is aria. Pres from: sulfur is ay available, and 
most Diesel-engine neat a ane sacearima i tau sulfur 
content of the fuel. 


The sense of SBuliur dioxide. eee Be ee sida as the maximum 
permissible for prolonged exposure is 10 parts of the.gas per million parts 
of air by volume. If the. calculated concentration of sulfur dioxide ex- 
cceds the permissible value of 10 parts per:million by volume, then oxides 
or sulfur must be considered as a factor in establishing the quantity of 
ventilating air required. 


.., Oxygen . 


. The oxygen content. of . Diesel-engine exhaust gas is always relatively 
high, because an excess of air over that required for complete oxidation of 
tre fuel oil is constantly prosent. .Howéver, a Diesel engine consumes oxy- 
gen from the air, and this mst be veplaced by ventilation to maintain the 
oxygen content of the surrouwiding atmosphere at over 19 percent. The Bureau 
of Mines recommends that mine air contain at least 20 percent of oxygen in 
working sections of. the ais ry ) 
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PROCEDURE FOR TESTING DIESEL MINE LOCOMOTIVES FOR PERMISSIBILITY 

The Bureau of Mines is prepared to test mine locomotives powered by 
Diesel engines to determine their permissibility for use in coal mines end 
other underground operations where inilammable gases and dusts may be pre- 
sent. Some of the conditions a Diesel engine must meet.to be designated 
-a8 permissible are discussed briefly. The purpose of the. tests outlined 
in Schedule 22 is to establish minimum. safety. standards to be followed in 
designing and ee ipa tates eae for safe use in underground 
workings. ee 


Safe operation of Diésel Lecene tia: underground involves congideration 
of three possible hazards, namely, (1 ) toxic or objectionable gases dis- 
charged in the exhaust of the engine, (2) ignition of methane-air mixtures 
or of coal-dust air clouds by the engine or by electrical equipment, 

(34) fire hazards presented by the engine fuel. oil and by coal. dust or other 
combustible material in contact with or. relatively. close to the locomotive. 


Operators of mines, particularly gassy coal mines, should know the 
major standards a Diesel -enginé is required to'meet before it can be 
approved as permissible by the Bureau of Mines. ‘The general requirements 
are quoted:from Schedule 22, "Procedure for Testing Diesel Mine Locamotives 
for Permissibility, and Recommendations on ene Use of parent Locanotives 
Ari lcteuaee) ss in Appendix he: ee & ite 

MAXIMUM -LIMITS OF TOXIC GASES CONSIDERED PERMISSIBLE 
IN A a aaa 


"Vastous eiGake and Se es groups Ainve determined. the maximum 
limits of certain toxic gases considered to be permissiole in a working 
environment. The different groups do not agree in all instances as to the 
ijmaximum amount of some of the toxic gaseg that will not.be injurous to per- 


- .g0ns working in that atmosphero; however, the standurds established by all 


of the groups: are feasible insofar as the ee of pienes engines under- 
oo is ecncernod? 


The United States Public Health Service ; Ameri¢an Standards Association, 
Bureau of Mines, and the Health Devartments of the various states are among 
the groups that have established maximum limits, and these limits, ag appli- 
cable to the exhaust ee of Diesel ETc: » are pe cueres briefly .o/ 


et Dioxide 
The Buweu of vinea®. “tn Scheale 22, "Procedure for resting Diesel 
‘Mine Locomotives for Permissibility and Reccmmendations on the Use of Diesel 
Locomotives Underground,". recommends that carbon dioxide content in the air 
of working places. should not exceed 1 percent by volume. The United States 


8/ Cooke, Warren A., Maximum Allowable Concentrations of Industrial Atmos- 
spheric Contaminants: Industrial Medicine, vol. 14, No. 11, 1945, 


pp. 936-946. 
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Public Health Service and the States cf California, New York, and Oregon 
adopted 0.50 percent by volume (5,000 parts per million) -as ac maximum 


limit; Utah adopted 0.555 percent (5,550 parts per million) as its maximum 
limit of carbon dioxide in a working environment. 


Carbon “Monoxide = 
The maximum concentretion of car pon pede ie ee ae pernigssible 
in a working environment is 0.01 percent (100-parts per million). This 
standard is used by virtually all private, Eoveraenes and praue groups. 


ot . 


Oxides of Nitrogen 7 os 


The maximum concentration of the oxides of nakeces considered per- 
missible in a working environment by most authorities is 25 parts per 
million (0.0025 percent). The exceptions are the Health Department of the 
State of New York, which: establishes 40 parts. per million as the maximum 
allowable concentration, and the State of Utah, which establishes the maxi- 
mm limit as between ae and 40 Barts per’ million. 


“Aldehydes e 


The maximum concentration of eiuenvaes considered permissible in a 
working environment.is based upon the comfort of the persons exposed to the 
atmosphere, not on the possible danger to persons working in that atmos- 
phere, as is the case with other gases. It is so irritating to breathe 
that it is unlikely. that mon could.continue to work in an atmosphere con- 
tuining dangerous amounts . The standards are recommendutory in most in-— 
Stances and range from 5 to 20 parts per pices ,. based upon Guiana 5 
which is the basis of sia aie , je ah 

The United States Public Health Service, pavican Standards eee 
tion, Bureau of Mines, and Health Departments of various States recommend ~ 
& maximum limit of 10 parts.per million for aldehydes; 20. parts per million 
is recommended as the maximum limit in Utah, and the — Department of 
New York establishes 5 parts PY million as a eras. i 


- PROTECTIVE DEV ICES USED ON THE DIBSEL-ENGINE EXHAUST 


The suecesstil use of a. Diesel ere aie anoae or shox men work in) 
confined places depends largely upon. positive and efficient devices that 
control or remove the toxic gases in the exhaust, which otherwise would be 
discharged into the surrounding atmosphere; very important ig the mainten- 
ance of an adequate flow of ere air in the. Cea of the angie. 


The successful use ‘of a Diesel siglo anaevencund / oe a “_gassy ‘coal mine ¥ 
or where flammable material is present, is contingent not-only. upon the re- 
moval of the toxic. gases from the exhaust but.also upon the extinguishment 
of possible flame and reduction of ultra high temperatures that might ignite 
accumulations of methane .or of. explosive dust ‘that might be Pee in some 
mine workings. 
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Devices have been perfected thet provide protection against some of 
the hazards of Diesel-engine exhaust gas end against possible ignition of 
nethane-air mixtures; these devices have bean in use for many years in 
European countries, and the considerable number of Dissel locamotives used 
underground in these countries indicates their effectiveness. Some Euro- 
pean countries prohibit the use of trolley-type electric locomotives in 
gassy mines but-permit the use of Diesel-powered and compressed=air loco- 
motives in mines of the same class. 


Protective devices now in use in European countries as well ua sone in 
use in the United States-are described and discussed; the European devices 
are discussed in greater detail than the others because 235 late as February 
1947 no Diesel engines have been tested for pernissibility by the Federal 
Bureau of Mines. 


EXHAUST=GAS PROTECTIVE DEVICES 


Suitable means must be provided to protect persons against the effects 
of breathing exhaust gas from a Diesel engine before it can be operated 
safely underground. Devices designed to remove the objectionable consti- 
tuents of the exhaust gas must be maintained in good mechanical condition 
at all times while the engine is in use, and certain specific operating 
procedures also must be carefully observed end maintained. 


The device used to treat the exhaust gas usually is integral with the 
flame arrester on a Diesel engine designed for use in gassy coal mines. 
In metal mines, the flame arrester is less important and frequently is 
omitted, although this seems short-sighted. One of the functions of the 
device used to treat the exhaust gas is to cool the gas to less than the 
ignition temperature if the gas is capable of forming an-explosive mixture 
with air; also, to prevent ignition of explosive methane-eir mixtures. The 
temperature of the exhaust gas when it leaves the exhaust port in a 4-cycle 
engine2/ ranges from 660° to 1,025°F.; it is slightly lower for a 2-cycle 
engine. eT . 


Mining reguletions in some European countries require that the exhaust 
gas be cooled’ to a minimum of 160°F. before it is discharged into the at- 
mosphere. Belgium permits the exhaust gas to be discharged into the atmos- 
phere at a maximum temperature of 176°F.; the Bureau of Mines stipuletes 
thet the maximun temporature may not exceed 16C° F. 


The device, or “scrubber, that treated the exhaust gas of the cerly 
Diesel locomotives used in nongassy coal mines in Germany was not combined 
with a flame arrester and consisted of a simple cast-iron box filled with 
stones, which were kept wet with a water drip; the exhaust gas passed 
through the box enroute from the engine manifold to the atmosphere; some- 
times metal balls were substituted for the stones in the cast-iron box. 


g/ Reed, Briand, The Diesel Locomotive Underground: Colliery Eng., May 
1946, 
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This method was not effective in -reducing the quantity of the toxic consti- : 
tuents of the exhaust gas to the point required for safe operation. 


Present-day devices for treating exhaust gas are designed to definitely 
lower the temperature of the exhaust gas, to absorb some of the toxic gases, © 
to remove most of the smoke and odorous and irritating constituents, and to 
dilute the constituents remaining by admixing them with comparatively. large 
quantities of air before the finel exheust gas is discharged into the atmo- 
sphere. The design of some Diesel cngines manufactured in England provides 
for mixing the éxhaust gas of the engine with 30 to 40 times its volume of 
fresh air before the final exhaust is discharged into the surrounding atmo- 
sphere. The constitvents of the gas when. absorbed. by. the water in the de 
vice form a very corrosive solution, .and most: ‘European manufacturers are 
reported to use steinless steel to construct the’ device; this material has 
satisfactory resistance to the corrosive action of ‘the solution. 


The simplest type of device for eeiee exhaust ges consists of a 
bath of water placéd between the engine. exhaust’ “ports end the pipe that 
discharges the exhaust gas into the. surrounding atziosphere. Water seems 
to be the best available absorbent of the toxtc and odorous. constituents 
of exhaust gas; however, it now seems possible thatthe addition of certain 
chemicals increases the effectiveness of the water. The water bath also 
cools the exhaust ges and quenches any incendescent. particles present. 
There are many variations in design of equipment to treat. exhaust gas; one 
manufacturer installs two small water sprays-in:- the pipe between the ex- 
haust manifold and the scrubber; the sprays inject water upward, and the 
exheust ges passes through the spray. The water from the spray collects | 
and flows downward into the scrubber, thus replenishing its water supply... - 
The sprays are linked with the fuel~pump mechanism, so.that water is in- 
jected only while the engine is working; ‘the water feed is.controlled by 
the amount of fuel injected with the.load on the ‘engine. _ A thermostat on 
the side of the device prevents the tanperature from exceeding 158°F. at: 
that point; the thermostat shuts off: tho fuel intake to the engine when the 
tenperature rises to or above 158°F., and in some designs of engines the © 
brekes are applied Bune reeeee : 


& device of new design’ ‘to treat. the’ dxhoust gos, in use in the iether 
lands, is described by M. G. Driesacn 22 10/ ‘The ‘exhaust gas is cooled by” — 
water’ sprays, efter which it passes. through ‘the exhaust pipe into the de-. 
vice, The device is provided with beffle plates, , 30 that the exhaust gas 
dust pass through the water. several: times,’ ‘after which it passes througha - 
screen box and thence to the atmosphere. The tenpereture of the final ex- - 
Loust when leaving the screen box is usually not higher than 95 F. under 
Severe working conditions. The watcr. level in the device is maintained by 
the water sprays; if the water sprays stop functioning end.the water in the 
conditioner becomes low, the higher venbers ture or the exhaust. Pee PeTUercs 


10/ Driossen, M. G., A Tov Typo" of Dicael Loconotive for Use in the Dutch- : 
State Coal Mines; «© Trans.’ Inst. Min. Eng., vol. 105, pt. 4, January - 
1946, 213 pp. 
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a thermostat that shuts off the fuel supply to the engine. It is noteworthy 
that the temperature of the exhaust pipe causes the enemies to stop autonet- 
ically. 


One type of Diesel engine-powered locomotive manufactured in the United 
States and used underground in a noncoel mining operation treated the ex- 
haust gas as follows: The exhaust gas leaves the engine through a water- 
jecketed manifold and enters a pipe extending vertically from the manifold 
to the first exhaust cooling box placed near the front of the locomotive. 
A water spray enters the top end of the pipe and is suppiied with weter 
from a special tank by means of ec small pump. The water from the spray 
travels downward through the pipc, in contact with the exheust gcs, to the 
first cooling box. The exheust gcs is discharged under weter through 4 
perforated pipe placed parallel to the bottom of the box. The exhaust gas 
passes to the top of the box, where a perforated and a solid baffle care 
interposed to stop water spray. The exhaust gas leaves the first cooling 
box through another pipe; this conducts it to a second cooling box on the 
opposite side'of the locomotive. This box separates the water spray fram 
the exhaust gas by means of a sérics of baffles. The two cooling boxes are 
connected by means of an equalizing pipe to maintain the same water level 
in both boxes, The exhaust gas pesses through en exhaust labyrinth, which 
removes the soot and prevents propagation of flame. The exhaust gas passes 
into ea fan chamber and is mixed with air delivered by the fan through the 
cooling radiator and is then discharged into the atmosphere. A diagren- 
matic sketch of the method of handling the exhaust gas is shown in figure 2. 


A Diesel engine can be operated with safety in an underground gassy 
mine only if effective end positive protective devices ere installed to 
prévent ignition of possible. explosive mixtures of. gas and air or dust and 
air that may be present. These protective devices mst be maintained in 
serviceable condition at all times yhile the engine ig in operation, 


Flameproof electrical equipuent has been defined as follows: "Elec- 
trical apparatus is said to be flameproof when. 1t is incapable, in its nor- 
mal working, of igniting gas-air mixtures in the surrounding air." The 
apparatus not only must pass no flame through the joints but mst be able 
to withstand any explosion of a gas-air mixture that mey be present within. 
To be flameproof, a Diesel engine must pess the same type of tests as elec- 
trical apparatus; not only mst the flceme be prevented from passing out of 
the gas conditioner, but there mist be no risk that an interior explosion 
wlll penctrete outwerd cither through joints or by a rupture of the con- 
taining structure Repu: fron high explosion. pressure, 


: -The British Mines. Department stipulated in the original tests of Diesel 
engines for underground use in coal mines in Great Britain, “although it 
could be argued: that fleme could not pass out from the final exhaust through 
the conditioner, or through the air-inlet filter, yet if by chancc flame 
was formed in the inlet or exhaust manifolds and the atmdosphere in those 
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pipes happened to be of an explosive nature, a severe explosion could occur 
and cause a high pressure and a propagating flame outwards. "L1/ The equip-~ 
nent was required to be made so that in case of an explosion within the en- 
gine, flame, could not reach the atmosphere. In practice this meant that 
the cylinder heads, injector Joints, valve stems, valve covers, manifold 
joints » and the entire intake and exhuust systems had to be made flame- 
proof; furthermore, the inlet and exhaust orifices were required to be of 
the type that would stop absolutely the most penetrating kind of flame. 
These requirements are responsible for mich of the nae initial cost of 
flameproof Diesel locomotives. 


There are many types end designs of flame arresters for Diesel engines, 
but the most common is the labyrinth type, which consists essentially of a 
multiple metal-plate device that provides narrow passages for the escaping 
exhaust gases. It is usually held that flame arresters should be placed 
in both the exhaust outlet and in the air intake; the flame arrester in 
the air intake prevents the propagation of flame if an explosive methane-air 
mixture is drawn into the cylinders and should be ignited; some experts 
question the necessity for having rigid flame-arresting devices in the intake. 


The labyrinth flame arrester installed on an American-manufactured 
Diesel engine for underground use is described as follows: The labyrinth 
consists of approximately 250 brass disks 4-51/32 inches in diameter and 
0.031 inch thick, spaced 0.043 inch apart and attached to a common shaft 
at their centers. These plates may be rotated by turning the shaft. In- 
terposed between the rotating plates are fixed plates’ 0.032 inch thick and 
of such shape that they occupy slightly less than half of the spaces be- 
tween the rotating plates. These fixed plates are intended to act as 
Scrapers to remove soot accumulations when the rotating plates are turned. 
Openings in the compartment containing the labyrinth permit inspection. 


In continental Europe, the usual metal-plate labyrinth provided narrow 
passages about 0.5 millimeter wide and about 5.0 millimeters high for the 
inlet and exhaust. Such a labyrinth has a cooling effect sufficient to 
prevent the passage of flame from thd interior of the surrounding atmos- 
phere. It is also necessary to prevent ‘possible sparks. from unburned oil 
from reaching the outside; thereford, ‘the ‘exhaust gases are cooled, and 
any sparks are extinguished with a water spray in the exheust pipe. Some- 
times the exhaust gas is compelled to sweep over a water surface and to 
penetrate through layers of pebbles before reaching the labyrinth. 


In the Netherlands, the netal-plate type of labyrinth flame arrester 
hes been u sed, but on the new type of Diesel locomotive descrioed by 
Driessen ,4¢ enother type is used because of the high back pressure caused 
by the older arresters. The plates are replaced by so-called "Raschig" 
rings of porcelain, which offer very little resistance to the cxhaust gases 


and can contain much water. owing to their tonee Surface and Ay EBC ORES 
qualities. 


lif’ See footnote 9. | 
le/ See footnote 10. 
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‘In Great Britain, metal-plete tine labyrinths ere usei cn the intake 
and exneaust; the taby eines ere invercnanvecble and may be used on cither 
the intexe or exhaust.. The iebyrintns eré uade of steinless steci, and 
the corrosive gases have little efiect upa them. The exhaust Ladyrinths 
are chenged for clean ones at the end cf cech shift; the entire a:rester 
is chemsed ad a unit, and the usei le .yrinth is taken apert and cleaned, 
The lebyrinth fleme arrester used by one British manufacturer is described 
as follows: "It consists of a series of stuinless-steel pletes 2-1/h: 
inches long, 2 inches deep, and 0.009 inch thick sssembled within a rec- 
tongular framework bolted to the inlet and exhaust onenings}:! respuctively. 
rag plztes ure machined for a lengti. of @ inches to give, when asgexbled, 

a grille with vertical gaps 0.016 inch wide and 2 inches deep. These gaps 
cffora the necessrry release to allow adequate air inlet and gas -exiaust 
with very low back pressure and at tne s:me tine mointain the fliemcproof 
‘character of the. unite" : = 4 | pe, eae a Oe cs 
Fleme arres sters oi’: he couse type have iu tendency to Eilce with scot 
.. end parvicles of undurned oil; this decreases the effectiveness of the er- 

gine. by incrcasing the buck prcssure.. The arresters must be cleaned or 
changed often encugh to prevent this; otherwise, the engine does not func- 
tion correctly. 


_ OPRRATION oF A DIESEL BLIGE IN OTHER: THAN NORMAL AIR 


Pree - ‘The eter oF ‘etx sees nieces ‘where e Diesel operates is or 

, utmogt. importance; | the atmosphere in underground mines frequently contins 
more . thon | normal amounts:of carbon dioxide und less than normal emounta oF 
.. OXY gene - Also J particularly. in coal. mines, methene may be liberated from 
the coal or surrounding strate end mast ie considered when calculé ting the 
_ventile mene, Enea before a Dacses engine is Preces in service. 


@. a 


| ‘Normal ary oir is considered to be composed of 


oe oi a | - Porcesntsrse by volume 
KY BGI. o sis-e Wis we w O00 0 Ces ieee CO. 0% 


NAtrcgen* crevecsvesecscvens i. 79.04 

ae) Cerben exoxt ee. cece cerseserser Re 0.04 

ee 10cc. OO 
*Includes ag. amounts of numerous inert 


Bod es ee: 


The mining law and regulations of cne Stute require thet mine air con- 
tein not lesa than .19-1/2 percent of oxygen, but most mining States do not 
specify the minimum percentage of oxygen permitted in. the air where men 

. work. : The Burecu-cof Minus recommends: that mine air contain at lenst 20 
Seep Sie Oxygen ene genity more than de Eeneeny carbon dioxide. 


emia one in Sevens Buena a countries secetay: the maxi mam content 
of methane permitted in mine air in which Diesel locomotives. may vuperate. 
_The regulations are not uniform and aie excerpted below: 
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Great Britain. - The ventilating air entering a road on which a Diesel 
socomotive is operating shall not contain more than 1 percent methane; the 
general body of air in the roads themselves must not exceed 0.5 percent 
nethene when the locomotive is operating. | 


France. - The ventilating air in which a Diesel locomotive is permit- 
ted to operate shall not contein more than 0.5 percent methene, and the air 
in the passages leading to a haulageway on which a Diesel locomotive oper- 
ates shell not contein in excess of. 0. 7 ‘Percent methane. 


Germany. ~ Diesel locomotives operate in intske air. An exception was 
mnéde in one recorded instance in the Sear district; a Dicsel locomotive was 
permitted to operete in return air containing 0.25 percent methane, 


Sardinia. - Diesel Locanotives operate in intake air. 
Spain. = Diesel locomotives operate in inteke air, 


The coal-mining laws of as. States ‘apecify the maxim allowable 
percentage of methane in the retuim e air, ranging from 0,50 to 1.50 percent. 
The Bureau of Mines recommends that not more than 0.50 percent of methane 


be permitted in return air from any oe in the ‘eee current of a 
coal mine, | ae | ' 


It should be remembered that whenever a Diesel engine operates in an 
underground atmosphere containing less than 20.93 percent oxygen, the 
air:fuel ratio at a given speed and fuel. input will be greater than when 
the engine operates in normal air. —_ 


EFFECT OF EXHAUST GASES IN THE INTAKE AIR 


The exheust gases of a , Di esel engine consist largely of carbon dioxide, 
oxygen » and nitrogen » with minor percentages of other gases, some of which 
are toxic. The atmosphere in which & Diesel engine operates is contaminated 
with the exhaust gases unless the ventilating Bir current dilutes and 
curries them AWOY. 


| The effect of eens! gases in the inteke of a iesel locomotive has 
been studied by ‘engineers of the bureau of Mines yd ond the following dis- 
cussion briefly “outlines sone of the facts. detormined ‘in the studies: 


Hot exhaust’ gases were mixed with the intake air of «a four-stroke-cycle 
Diescl engine, end the results indicated a merked increase in carbon monox- 
ide in the exhaust geses, a-decrease in the oxides of nitrogen, and no 
Significent effect upon aldehydes. The increuse in carbon monoxide was 
greater at higher sir:fuel ratios and was ceused partly by the increase in 


oo. Berger, L. 5. . Elliott, om. Ae, Holtz, 7: C., and Schrenk , i H., 
Diesel Engines Underground. II. Effect of Adding Exheust Gas to 
Inteke Air: Bureau of Mines Rept. of Investigations 3541, 1940, 
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air:fuel retio and partly by the decrease in oxyeen concentration Pret 
when exhaust gas was added. 


The tests show that increases in the air:fuel ratio and decreases in 
the oxygen content ceuse the greatcst increase in carbon monoxide at the 
higher air:fuel ratios. In the lower air:fuel ratios, in which the excess 
air was elways greater then approximately 50 percent, the carbon monoxide 
content was essentially unchanged by the addition of exhaust ges to the 
intake, :: 


Carbon dioxide in the intake has c marked effect upon ‘ys Gpereta 
of a Diesel engine; it causes the amount of carbon monoxide in the exhaust 
gases to increase, as well as the amounts of aldehydes and other irritants. 
The following observations were mode roger ing the air in the tunnel in 
which a Diesel locomotive was operating. 


When the concentration of carbon monoxide is 0.01 percent 
and that of carbon dioxide is 0.3 percent, ‘yisibility is poor to 
bad, end the aldehydes and. other irritants are obnoxious after &. 
Polatively short exposuro. . , 


When a Diesel locomotive is run until the concentretion of 
carbon monoxide is 0.01 percent ond. that of carbon dioxide is 
approximately 1 percent, visibility is blankud out and the odors 
are Sickening. When an ordinery Diesel truck is used, this con- 
dition is achieved with 0.003 to 0.005 percent ccrbon monoxide 
and 0.3 Berceie carbon ores 


The tests and observetions of e Dieneieneine operations by the Bureau of 
. Mines engineers emphasize the importance of maintaining et cll times the 
oxygen and carbon dioxide content of the surrounding etmosphere within 
Specified limits, because decidedly hazardous conditions result when the 
intake. air containg more than 1 percent carbon dioxide or less than 19 
percent oxygen. Some authorities believe that Diesel engines should not 
be permitted to operate underground in an atmosphere containing less than 
20 percent oxygen or more than 0.5 percent cerbon dioxide. It is important 
to remember that .ah.atmosphere containing approximately 1 perccnt carbon 
dioxide may-not' be dangerous under ordinary conditions, but that a Diesel 
engine cannot be operated safely when the atmosphere contains more than 

1 percent carbon dioxide; in fact, Diesel engines should be operated in 
prectioally normal air.. 


ian THE TVTAKE A AIR 
The atmosphere in meny coal mines contains at least small amounts of 


methene, and the effect of this ges upon the operation of a Diesel engine 
is important if the engine is to be used where this ‘gas may be present. 


uy, sce footnote 5. | 
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Before Diesel locomotives were permitted to opercte.in gassy coal 
nines in Europe, the various countriés conducted independent tests by run- 
ning the engines in mothane-air mixtures and noting the. oo ond, in 
sone instances, fpiee hus the ‘exhaust gas. | 


Early Gorman experiments ‘demonist trated that  Lgnttion of an seasuies: 
nethane-air mixture could ‘be ‘obtained fiom either the intake or exhaust of 
a Diesel engine unless fleme arrestors were installed on both the intake — 
end the exhaust. It was also demonstrated that Diesel engines operating —~ 
in 5 to 9 percent methane-air mixtures continued to run Saeees the fuel sup- 
ply had been shut off. | 


French Gesewiicars ied the author ities to Scaciiae that the Diesel: en- 
gine is almost as good a methane detector as a flame safety lamp, because 
as the percentage ot methane in tho atmosphere Cees the sound made by 
the engine changed. | . 


‘In Belgium, it was found in tests that. the rotational speed: of the 
engine kept rising and falling {in mcthene-air mixtures and the engine hed 
4 tendency to’ overspeed, but in some cases it. actually stopped after a 
drop in speed. - The variations in speed. ere not a source of danger, as 
the variations fegin before the methane concentration is at the lowest 


flammeble limit. Tests’ have shown that the methane drawn into the cylin-~ | : - 


ders is not ‘entirely ‘burndd and that methane may be present in the @ exhaust | 
Pipe of the engine. 


The Bureau of Mines onducted tests of Diesel engines operating in a 


natural gas-air mixtur 4 particularly tg determine the effect of methane _ 


in the intake: air upon the exhaust’ eng Lo In every test it was found’ 

that the presence of natural gas ini the intake air of a Diesel engine 
ccused the concentration of carbon monoxide in the exhaust to increase, as 
compared with operation in normal air; the aldehydes increased greatly, but 
the cmount of oxides of nitrogen did not increase significantly when the 
concentration of naturel gas in the intake wus less than 1 percent. “There 
wes slightly less carbon dioxide jin the exhaust gas when natural gas: was 
Present in the intake air, but the decrease was not sufficient to affect 
the pee ey of ventilation cad rede During some erie t tests the smoke 
concluded that the presence of n2tural gas in tha intake had no effect 

upon smoke production unless it caused the air:ruel ratio to approach or 
exceed the chemically correct value. 


The tests conducted by the Bureau of Mines emphasized the importance 
of mainteining low concentrations of combustible gas in the atmosphere in 
which a Diesel engine operates. | 


The natural gas used in "conde cing the tests contained Ree 


85 percent methene; the rameinder consisted of ethane, smoil-quan- . — 


tities of higher ene » and about 1 percent of nitrogen. 
16/ See footnote 7, 5 Oa Ee ye | , = es | 
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INFORMATION ABOUT EUROPEAN DIEGEL LUCOMOTIVES 


Diescl-powered mine locomotives for use in underground conl mines heve 
been developed to u higher level of scfety in Europe thin in the Unitcd 
Stutes>; this is due to'the lurge number of such locomotives in use in the 
various countries end the relatively long time they heve been used in coal 
mining, together with the fact thet in the United States numerous Stute 
end Federal agencies are opposed to the use cf internel-comoustion crgines © 
underground... : ; | 


The size end power of Diesel mine locomotives heve been increased in 
the last few years, and reports indiciute that the latest types manufactured 
cin be considered 2s. competitive in size and performance with uny eticr ad 
type of mine locomotive in service. 


Dicsel locomotives for use in surface plants have been manufactured -in 
Great Britain for a number of years but were not equipped with exhaust-gus 
protective devices other than flame arresters. An @0-horsepower Diesel 
locomotive was used at the Woolwich Arsenal and was chosen for this service 
because of its safety while working in and around flammeble materials. 
Meny Diesel locomotives were built for metelliferous mines, where exhsust- 
gas protective devices were more important than flcemeproof operation, as 
in gassy coal mines. 


Diesel engines for use in gassy coal mines ere required to mect the 
Buxton certificate requirements (sec Appendix B), which are similar to the 
proposed requirements for permissibility a8 written in Schedule 22 of the 
Bureau of Mines. These requirements appreciably increase the cost per 
brake horsepower of tne engine, but they cre considered essential for safe 
operetion underground in gessy mines. 


Flemeproof Diesel locomotives now manufactured in Great Britain for 
use underground in coal mines range in size as follows; 


Breke horsepower Weight, tons’ Purpose 
Less than 20 2e5 Replaces mules 
More than 20 4k to 5 Gathering 
25 7 Gathering 
50 10 Man trips and col 
50 10 Coal only 
nkele) 15 Mainline haulage 
<O0O x0) _Mainline haoulege 


The device for removing the toxic gases from the exheust is made of 
stainless steel to resist the corrosive action of the toxic gases in solution 


17/ Bureau of Mines, Procedure for Testing Diesel Mine Locomotives for 
Permissibility and Recommendations on the Use of Diesel Locomo- 
tives Underground: Schedule 22, 1944, 31 pp. 
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The flone arresters, called fiome traps by,some authorities, cre de- 
signed to permit a loconotive ‘to opercte 2k hours ecntinuously without 
clogging. Flame crresters are placed in both intake and exhaust, cnd can 
be removed and new ones ce chapenhi a about ? pe The cntire, ed casa 
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The Regulations of the Ministry of Mines ae the carbon nonoxide 
content to be less than 0.5 percent, and in practice it has not been dif- 
ficult to keep it so. The amount of cerbdon monoxide in the exhaust ‘is: not 
controlled by the exhaust conditioner, but, by. combustion of the fuel with- 
in the cylinders of the engin. 


. - automatic. sefety devices are ‘Sncorporated in the. exhaust eons lanes 
to shut off the supply of fuel and apply the air. brekes in the event. the 
level of the water in the exiteust pond prank folls below a certain point. 


Plans’ are being developed: £6 use two i) note ani te ‘connected 
in tandem and ‘operated by ofé enginecr instead of the larger 200-horsepower 
unit. Tests indicate that the tandem unit will have a tractive effort of 
about 16,000 pounds,’ arid the weight of the unite will be Peter distributed. 


The: first two ‘writin manufacturers of Diesel Saeed ‘for naeeeround 
use in gassy coal mines to mect the Buxton-certificete requirements were 
the Hunslet Engine Co., Ltd., and Ruston & Hornsby, Ltd. Specifications 
of two of the popular smaller Diesel locomotives manufactured by the Huns- 
let Engine Co., Ltd., are given below: 


Specifications of Diesel riine locomotives 


| 25 hep. | 50 hep. 
Typical track gage .eeccece — eroH | 216" 
Diemeter of coupled wheels. —. 11g" eron 
Wheel DASE cecccececacececs 310" yon 
Hclght over a1] .ssseeseenee | 510" + 5108 
Width Over G11 ei cecotewas Z1yn . 3¢1i" 
Length over all, without | | 
COUDTING eos sb ciculgs shaves 11*3-1/2" | 1310" 


“Maximum power and speed of . ante eae 
CUPING si.6e cab weeewee 16D lle De at as 300 repeloe 5O hep. at 1,300 r.p.m. 
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Specifications of Diescl mine loconotives (cont'd. ) 


speed: 
ist gear 
CO. ESL .S oa.Wiwie wise ees wee woe wees 
4d. ZEAL ceocecvcceseesvvesvecevecces 
kth gear qc evecccorereveceresecocs 
Fuel capacity, gallonS cccccccvcccces 
Weight, in working order ceoseeosecece 


eoereeveeoeveeeenee7seeevn ones ee e8 


25 NneD< 50 hep. 
Sse Bepuie ““ Ss 00sae psi 
5.05 mph. «4.66 mapat. 
8.56 v.p.h. 7.9 poh. 
12,46 Tle Pp. he cece t pee Ne 


vee 
4 tons 11-1/2 ewts. 8 bene. 10-cuts 


Mexinum exle losd eoeeeveves owe eeaerene8ee @ 


2 tons 7 cwts. 4 tons 6 cwts. 
Tractive effort: < 


Ce ee ee | 


LSU Gear seeseeuw dundee eeedeescous ej 5 00 pounds 5,310 pounds 

ed BCALY eeccceseccccassccvcessecse 1,580 pounds 3,420 pounds 

BE BOOP 14 kieedewesee ee eseeGeeceen °° . 950: pounds 2,020 pounds 

HM. GEOr scare eb isele wauewa sie eee us 640 pounds 1,300 pounds 
Retio, adhesive weight divided by | . 7 

tractive effort ceeccicsevccceceen| “hL2 tol ' 8.6 tol 
Minimun radius curve recommended .... | 30 ft: - BO ft. 
Weight per yard of lightest rail re= a - 

COMMGNOEd: «.cncesenciedececwe eecaer 14° pounds 20 pounds 


The load that eny locomotive cen start end haul depends on the grade 
or the track and frictional resistance of thet load. ~The following tzebles 
Show the rated performance of the engines described above: | 


Loads Diesel locomotives will heul, besed upon 18 lb./ton pasties 
resistance end le 1b./ton’ running resistance, tons 


25-horsepower Hunslet mines type locomotive — 


speed, m.p.h. Level 1 in 200 1 in 100 lL in 50 
(5.25 131 a! rn 56 7 5h 
5.05 1260 -° = *63 | ae 23 
12.46: | 49 | 2h _ 14h acs | ae 

pUsnorsepower see ae nines type locomotive 
5.00 226 173 “on | 70 
4.66. 276 *. 139 oni 52 
T9 160 @ 49 ee Oe ee 27 
12.25 100 48 QQ - 1 


7 8 @ © © @ es we we Oe we NM wo 8 


Figure 3 shows a 50-horsepower, flomeproo?,: winus-type, Dicsel 
locomotive menufactured by the Hunslet Engine Co.’, Itd.': Phis locomotive 
is used for gathering and for hauling man trips. Figures 34 and 3b show the 
100-horsepower locomotive. Figure 4 shows a 2h passenger car used for man 


trips. These cars are equipped we oir bi eee a can be seen in the illus 
pone oon ee A ie Oc. i ee = Ur fe vir ee oe 
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The Diesel locomotives used in the underground gassy coal mines of 
Great Britain are subjected to more stringent regulations than in any other 
Huropean country, and for this reascn: these. loccmotives have been developed 
to their present stage of sce ana eiticloncy... ‘ 

Some authorities belidve ‘that -Diesel mine aeecnne ines will displace 
many, if not all, of the rope havlage piensa nial in the British coal mines. 


ee er 
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A new type of Diesel mine: ee has been dsveiieoed ‘in the Nether- 
lands for use primarily in the Dutch State coal mines.. It is designed to 
replace the preseht’ tomprbssed=air: locomotives. hauling ce to the mine 
shafts. The Tocomoet ve is" Sesorlbed by M.. . Ts Driessen. 


"The design of ‘the new aeaactise: Saaninnees: evaneshe tes, » connecting 
and. ‘coupling. rods, ‘arid ‘drives the wheels by means of. a worm and worm wheel. 
There ‘are no éxternal moving parts except ‘the loccmotive wheels, The maxi- 
mum output of the engine is rated at 78 horsepower at. 1,700 r.p.m., but the 
specd 1s reduced for heavy duty to 1,300 r.p.m. and the horsepower. to 56 
in order, ‘to’ obtein ' an” underrated’ oad of - the. wae under, all: conditions. 


The ‘Diesel éngine’ transfers: fee, Sotlcn: to. the 2-speed forward and re- 
verse gear pox through’ a* hydraulic. coupling. of, the, traction type. This 
fluid coupling has proved’ successful: by. simplifying the control of the 
locomctive and by redicing the number. of. gear. changes. . The fluid coupling; 
permits the Diesel engine’ to run up to about 30 percent of. maximum speed 
before full engine torque is tranemittod to the gear box. The torque is 
built up by gradually increasing the speed of the engine; the. coupling it- 
8elf dovs not require ‘arly ‘control. - AS -soon .as .the starting torque overcomes 
the resistance of ‘tHé "Idcomotive, the slip in the fluid coypling falis 
quickly, causing’ smooth ‘starting of -the locomotive. in case the starting 
resistance of a heavy ‘train-is ‘groater-than.the. Diese] engine is capable 
of developing, the engine will kecp running at tho full torque stalling 
speed, ana the fluid coupling will prevent the engine from stopping. 


The driving shaft of the gear box-is provided with universal couplings 
to drive the worms and worm wheels, which are floating on the main locomo- 
tive axles, and both axles are driven without: connecting rods. The frame 
of the locomotive is built outside of the wheels, with resultant broader 
and more. stable construction. Inspection ‘has Siow wear on the worm wheels 
to be very small (less than 0.004 ao efter a. ere period of more than 
1 year of 3 shifts a day. : 


A driver's cab is placed at each end of the locomotive, so that the 
engineer can always face in the direction -the. SOGeOL At? is running end 
tous have a better View of me track. sas 


19 See footnote 10. cae 
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Specifications of the new type Diesel locemot ive in the Netherlands: 


o-Dbeael: motor: 


Number of cylinders | Terr Tre Tee eee ee ee ee ee 
DOCU: soso ew wb sere we ue w-5 e Wie w'0ere 6 wre rele oars Ooe- ere beoeaes 
Power, reduced LO cevecccccccccccsecsverssccccere 
Power, THO KAO 5 6a adeeb Se 0.0 6.0 S oe eo awe oe waren 
Cylinders; | | 
Diameter COO COC oe Dee seweresesereosseseeees 
stroke eee ee ee 
Maximum tOrqu€ cevecsccorcccsevevscererscccseves 
Force at locomotive hook (drawpar pull): - 
At normal speeds: 
_ lst ecceleration, 4. 2 m.p. he piaaetses tae 


ed acceleration, 9.0 m.p-h. Coe ere reserves 


Speed for man-riding {not used in State mines ) > 
lst acceleration, .5.1 midshse coccccesccsces 
2d acceleration, 12.5 mepehe specesescocces 

60-8 cars of 1,600 liters parecer ty (ap 
about 1 ton each, ae 

Locomotive: . S uieae 20 
Rail Gage. Wee meee gece ee ee cess rereecereecgecoess 


Load: 


Wheel gage Ce eee ce rereeneec see easeeesccesececoee 


: Wheel diameter’ Ses che goa Siete eter dietniacieio a nee 


Weight ere Heo ee ee 


Length, over all dN cee Wis vine 2-0.6'9 00-6 UWlsig wists a wees 
~Wiath,, over ‘alt etree re ere 


Height, over all wen eecceceoesecerecseeoeeseees: 


Fuel tank capacity, ‘gallons Serer er ee eee ree 


. in ok hours i'd Gated see WS sare ene aie eee 6s ke 6 oc ae ¢ 54% 


Water consumption,’ gallons per. hour essa Sees 
Minimum track eur) radius aaa cmemeneeet ace e 


Brakes ee 


6 


Se ie gh tt 


65 hep. 
85 hep. 


4-1/4 inches _ 


6 inches . | 
259 Lfoot-pounds 


3,720 pounds 


1,549 pounds 


2,420 pounds” 


“1,100 pounds. 
pproximately 36 cu. ft.) 


23, 6 inches _ 


46 inches 


2O inches 
25, 100 a 


176 


. 316" 
ao 
20 . 

Fuel consumption of locomotive working 3 shifts daily «. 
: 13. % to. 1s “gallons 
16 to.17 


50 foot. 
Bene opera tees: 


| STATISTICS ON DIESEL LOCOMOTIVES | ii EUROPEAN MINES” 


"Diesel mine ieseneeives have. been used with scdsidavable success in con: 
tinental Europe for at least 18 years, but the extent to which they are used 
is not well imown in this country. Most of the Diesel. locomotives in Euro- 
pean underground mines are used for main-line haulage units, although numer- 
ous smaller units are used for gathering purposes. Statistics are not avail 
able for all European countries, but table 2 gives a classification of mine 
locomotives according to type of. power din three: countries. prior oo the War. 


Diesel: locomotives were first permitted in eee ce coel mines 
in England in 1939, and more than 40 of this type of haulage unit were re- 
ported to have been operating in British coal mines in 1946. Statistics 
showing the number of Diesel locomotives in underground mines in Holland 
and Poland are not available, although it is known that many are used. 
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TABLE 2. - Mine locomotives used in underground coal 
Mines in some BRuropean countries 


a es Type of power and number in use 
Countr’ Year “Diesel Compressed Air| Electric | Gasoline 


Germany ee~evsse)1938). 602 deg dO. 1,801 81 
Belgium ..vs...{1939)| -..114 oh a BCR 33 19 
France sSas ete 195 De 235 is 123 |. +250 z 


. In 1937, France had 380 ne locomotives in the ‘underground coal minés; 
in four mining districts that produced 80.7 percent of the domestic coal’ 
only 22 electric locomotives were used, whereas 345 Diesel and 123 compressed- 
air type were in operation. , 


Table 3 shows the number of mine locomotives operat @ in Germany in 
1938, classified by type of power and mining | district. 1 


TABLE 3. - Mine.locomotives in German, underground coal mines in 1938 
Te mautage ‘ocanotives 
District Diesel Trolley Cable Reel Compressed Air Total 
Ruhr @esoeoednaseeonvneveneeend 219 1,163 33 ee eee a O75. 2,148 
Kachen CROAK Orerereoreres (3 27 ae, Saudade Ae ans ins tees 3 7 142 
Upper Silesia ......00- 9 237 0 0 2h6 
Lower Silesia .eescoees AT 31 0 0 Te 
Saxony ee cooes C©eoeeeesevce. —_ e Pe 20 -. = 0) _ 18. 4O 
DAT saeasgeewesesos 229) 16 20 NOD noe wel 
77) 1, kok 38 855 2,918 
| ‘gathering locomotives | af | | eer 

iaelauineeee oC 0 86 ag 342 662 
Lachen Cece eeneecceecee es e @) _, 0. ut Se P Z 4 5 
Saar ecoeneeeecereoneoevers 4. Bs 0) Bye Oo 2c _ 0. k 
Upper Silesia ..csccece a. 0 7 0 8 
Lower Silesia weccceces 2 8) ) 6) 5 
Saxony ecvereecesioeverers P om 0: O 0 0 
an. Co) om 269 36. 6&4 


The statistics shen that, 18 peucent of all anions haulage ieseno2 

_ tives in German underground mines in 1938 were Diesel-powered; however, the 
Saar -and Aachen coal fields used eee nena: 50 pencent, whereas the Ruhr 
district used, 18 Ponaen ye = 7 


East, J. H., Jr., Operating Diesel Locomotives Under ground in European 
Mines: Bureau of Mines Inf, Circ. 7378, 1946, 13 pp. 
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The German national policy prior to the war of not using materials 
that hed to be imported prevented cxtension of the uso of Diesel engines, 
as fucl oil is not produced in substential amounts. in. Germany. 


No. trolley. locomotives. are used for gathering in German coal mines; 
the mines generally are gassy, and tne gathering locomotives are Limited 
to elcctric ceble-reel, compressed-air, end Diescl types because of tre 
ignition. hezard. It is noticcable thet the Germans. consider ‘the Diesel 
suitable for gathering Purposes , this being especially true of foe Ruhr. 


‘The average horsepower of all types of main- line Gece cs used in 
Germany is about the same; the electric trolley Idcomotives averags 41 © 
horsepower, whereas the Diesel locomotives everage 39 horsepower. The Diesel- 
powered gathering locomotives averege 11 horsepower, ae eects’: cable- 
recol types average 9g horsepower. 

In Belgium, the mine locomotives in usc in under coun? ee mines in 
1949 were claussificd as. follows: . ©. eel de 


Typo of power "oc " " Number of Locomotives Percent of total 
DIGSOL: | :asegte a9. We Se Cw ee aees Tih 62.0 
Gasoline sesesceecerscceses es IY 10.3 
Compressed-aii Pi omens eieea a. ee Oe aS 
Electric petra este neat ae | or aS S 17.9.-- 

. | | | i | 


In France, the mine locomotives. working in underground. mines ta 1935 
were li ee as tollows: | | fic Gane Gash hace t 


e #@& .« @© @ © ww et gy “ee @e@ 20 es 


Type - ‘of power : Number of locomotives Percent of totul 
DCSE]. e-y.ciewwse ak we oe eis Seas | 357 8.9 
Compressed-alr ceccscesvesee .... -: LE5..° 16.8 
Electric: — 
“SDP GITOY ge een ears wee areces,: | 104% ~ ae: Os area 
Storage-battery cescceee | OO 20.2 - 
| 730 aie eta 0a 


Many mine officials in continental Europe pedbewita ues Diesel or cOL- 
_ pressed-air locomotives rather then clectric trolley: tynes. because of. the 
danger of ignition of gas accumuletions by the arc of the trolley. Most of 
the main-line haulage is done on intake air, and an excess of ventilation 
is’ relicd on ‘to dilute and cearry-away the éxhaust gases dof. the Dicsel loco- 
motives. ~ Exhaus8t-gas conditioners are required in virtually every -country, 
but the emphasis is on excess ventilation of the heultgewdy. It is notice- 
able that in Belgium 62 percent and in France 48.9 percent of the mine ‘lo- 
comotives were Diesels. Electric loccmotives constituted only 17.9 percent 
of those in use in Belgium, ana trolley locomotives used in France consti- 
tuted only 14.1 percent of the total mine locomotives in operation. | 
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SCME DESIRABLE FEATURES IN DIESEL LOCOMOTIVES FOR USE IN AMERICAN MINES 


Some of the ee features for Diesel mine Loequotives intended 
for use in underground mines in the United States are discussed below. 
Most of these features are incorporated in the Diesel mine locomotives manu- 
factured in England end Continental Europe and are considered to be neces- 
sary for safe operetion, end meny of them are included in the tests for per- 
nissibility determined by the Bureau of Mines and issued in Schedule 22, 
"Procedure for Testing Diesel Mine Locomotives for Permissibility, and Re- 
commendations on the Use of Diesel Locomotives Underground." 


Metal and nonmetallic mines.usually do not require flameproof Dicsel 
mine locomotives for use underground, as they do not, as a rule, heve ex- 
plosive atmospheres; but such locomotives are delve ic in meny mines be- 
cause of possibility of fires and explosions of. gus or explosives. Dicsel 
mine locomotives used in underground coal mines should be flameproof in 
order to ‘Prevent possible ignition of any Bop nec eeone or of dust clouds. 


1. The exhaust-gas conditioner should. be large enough | to cool. the 
exhaust gas to less than ara under the most severe working conditions. 


©. A device should be installed to atop the Supine: sutoustical ly if 
the tenpereture of the exhaust ges ee aa at the ace of Poa 
from the ee Syetam: so ae, trae tasnh Sey aia, | 


3. A elenaibar method of ere ‘he avacnwade ana: | oxides Of ‘nitro- 
gen in the exhaust gas is desirable. Water. absorbs the aldehydes » but the 
water in the air conditioner mist be changed frequently enough to prevent 

it is becaning 82 aturated and losing its absorbent oe 


LOA ehenicat method of eonverting: ee monoxide: 1a. ‘the exhaust gas 
tO carbon dioxide or absorbing the carbon monoxide is desirable;: the methods 
that have been tried experimentally thus far have not, heen. successful. 

3+ The exhaust-ges conditioner should function efficiently for at 
least one shift without pode ee attenticn Such as apes the wator or 
edding chemice ls,’ . 


6. The ae BES ;- after sor se. should. de “diluted. with eir before 
being discharged into the atmosphere, This reduces the hazard fram toxic 
gases to persons in the immediate vicinity or the mine locomotive. | 


Flone Arrester 


hone: i’, Flame arresters should be placed on both the air intake and the ex- 
macs a Diesel engine that is. to be weet eee in. eee mines. 


Or p 8, The flame arresters should be 80 see tenes that. they can be cleaned 
: ‘Placeq quickly and easily. e 


Ronen. LHe materials used in the manufacture of flame arresters should be 
“ros ive, aie 
1664 7 
i... 


Google 


Le Cs 7hO6 
Misceolleneous 


10. Diesel mine locomotives should be equipped with at least two and 
possibly three independently cpcratcd brakes. Air brekes are desirable as 
well as hand-operated brakes, 


li. The spring suspension of tho locomotives should be designed to 
provide maximum stability on rough, uneven track. Many mine tracks are 
poorly maintained, with resultant low joints and uneven track, which may 
cause derailment. | 


| le. The Diesel mine locanotives now in use ‘are too high above the 
rail for use in many "low" coal mines. A locomotive designed for service 
in relatively low coal is desireble. an 


USE OF DIESEL MINE LOCOMCTIVES IN THE UNITED STATES 


Diesel locomotives are used underground in the United States, but nly 
to a very limited extent. In November 1946, insofar as information was 
available, only four Diesel minu locomotives were operating underground in 
the United States; two of thuse were in metel mines, one in an eee 
iimestone nine ’ and one in a ony ne 


In 1940 Diesel locomotives were used easeaeind during the driving anc 
lining of the Delaware River Aqueduct in New York, and much information was 
obtained by the Bureau of Mines and the Division of Industrial Hygiene, New 
York Department of Ldbor, in conncction with this cnterprise; some interes: 
ing publications were issued concerning, the Co pare used in driving 
and lining the Delaware Aqueduct tunneis.£0/ ; 


Diesel-powered trucks heve becn used more or less successfully in the 
underground limestone mines or quarries of the Central States for approxi- 
mately 10 years, but Diesel mine locomotives have not been used in that re- 
gion so far as known. 


Delaware River Aqueduct 


The Delaware River Aqueduct, with a total length of about 8&5 miles of 
tunnels, included « section of tunnel 15 miles long that was driven from 
shafts apace’ about 5 miles apart. The tunnels were circular in cross sec- 
tion, 17 to 19 feet in diameter, and tne shafts were 14 feot in diameter; 
the tunnels were lined with concrete. The maximum strata thickness over 
the tunnels was 2,400 feet. | 


20/ Harris, William B., Grconbure. Leonerd, and Werner, eiatee, Diesel 
Engines in Tunneling Operations: Trens., Am. Inst. Min..and Met. 
Eng., vol. 153, 1943, 

21/ Stiefel, Fred W., Operation of Diesel Locomotives Underground: 
Trana., Am. Inst. Min. and Met, Eng., vol..153, 1943. 
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Five Diesel engines were used in. the. construction of the tunnels; the 
loccmotives weighed 28,000 pounds each and were powered with Diesel engines 
capable of developing 160 b.h.p. at 1,600 to-1,750 r.p.m. The gage was 36 
inches, drivers 28 inches, length. over. all,.15 feet 9-1/2 inches, and wheel 
base 4 feet 9-1/2 inches... The locomotive height was 6 feet 2 inches over all. 


" "The engines were 4-cycle, and: they had 6.cylinders with a bore of 5 

inches'and a ‘6-inoh stroke.- The engines’ were designed to be flameproof, 

as methane was found in the rock formation penetrated by the tunnel. The 
flame arresters were .of the labyrinth type patterned after the arresters. 

used successfully in Europe; they were ae on both. ve on intake and. 

the exhaust. 


The exhaust scrubber or conditioner. is ao as follows: 


-) The exhaust. gas leaving the engine’ passed through a watéer-" ~~ 
jacketed manifold to an exhaust, cooling box. : A water spray was— 
tapped into the box and supplied by means of a pump. The water 
from the spray was made to travel downward through ‘the ‘pipe ‘in 
contact with the exhaust gas leaving the exhaust cooling. Ox. 


os @ e& e@ © ¢ @ ® 


cooling box through the perforated pipe. The gas then ‘passed to 

' the top of the box, where a perforated plate and a” ‘paffle plate 
were interposed to stop the spray. The gas was forced into a 
second cooling box designed to separate the water spray from the 
exhaust gas by means of ‘another series of baffle plates. After 
leaving the second cooling box, the gases passed. into a laby- 
rinth of berles saddles. This tended to remove the soot and oil 

' present in the exhaust.gas. The discharge from-the second cool- 
ing box.was relatively free of.noxious contaminants and was de- 
livered to the fan behind the rediator, where . it was diluted be- 
fore it fe ae eave the general air. 


It was - found ‘eaivabie to have re 10, 000 cubic. feet of air 
per minute for each.Diesel locomotive in order. to avoid objectionable gas 
concentrations. .These. yentilation requirements in connection with operation 
of the Diesel locomotives.were.found,to be sufficient to dilute and carry 
awey the mcthane.liberated.in. the, tunnel: as.well as‘the exhaust gases from 
the locomotive. In one shaft, in both headings, an explosive concentration 
of methane of considerable volune could eaenoe in abit 2 hours without 
forced ventilation. : 

' The concrete piueing equipment W368 iri Gunnét dining had a capacity of 
2,000 cubic yards, or about' 4,000 tons, in 24 hours. .The maximum haulage 
distance was 5 miles in some instances, with an adverse grade for the cars 
loaded with concrete. During this period, each train hauled 20 cubic yards 
of concrete, or a total.of 40 tons, The total distance covered in 1 month 
was 11,017 miles, and the cost for the month was $0.0222 per ton-mile, 
covering all expenses. The actual noes of operating, the..Diesel locomotives 
for the month was: | 
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LADOr. cerecccccescovveseses $7,609.00 — 
Insurance at 15 percent wee 1,141.45. 


saa a _ Fuel and lubrication clbice... 429.00 2 
ae g ete Be ee ; Repairs Sel hha GueGreiaretelwie averse. 600,09 
P2T(F 5D. 


| Most of, the technical infvurmation regurding the use of. Diescl loccmo- 
tives underground, insofar es American mines ure concerned, wos ¢eined in 
connection with the Delawure Aqueduct project. Extensive tests were nade 
on the exhaust gases from the engine both at the manuf cturing plent and 
during actuad,. operaticns underground. | ‘The. results of. the tests made at 
the factory are shown in tuble 4. en eC a 


TABLE.4. - Results:.of tests on Diesel locomotives at. the factor; 


ao | Doin wate o,f Carbon monexjae concentration 
Condition of test; Engine. apecd, r.vem.:|.. in exheyst gus, percont#/ _ 


TOUR: cee sicacaew 7 9B0 ys < 0.00: 
Intermediate .... eee Ol. 
Bi Giuisee stiewcawee air ee. 2 OCC. OL 
High. Creteeeeneeed + 2 erOe. J 


Hi 


. 
‘e@eseeeneseoovn | . 


ee Sonate wore ee ae ay the iodine eee method. 
partes ue: raniicidae epeeaticies eases were . sonaneted on, all ‘of the 
Diesel locomotives under widely varying conditions of tunnel ventilation, 
but in general ‘the tests show less then the accepted stendard for sefe 
concentration of carbon. monexide. The U. G.:eublic Health Service, Amer- 
ican Standards Association, Bursau of Mines, and the Heclth Departments 
of many States regard 0.01 percent carbon monoxide as oe Safe 
concentration for a working environment. 


TABLE 5. - nesutts of tests on Diesel ‘etenetines ‘in cannes 


Rated. horsepover, a 20s an: Sunes. 160 


sot Number of. eyiinders eeeeegveeereorqeoe: . - 6 
vot - : Capacity (tone )- sawswansenwenten ong see y 14 


ee Air:fugl ratio. Coeeveceovetsoeenecseorce. 20:1 


Tunnel CORPO OO deoroes, 
Locomotive number ... 
Engine load secorece. 

 Curbon moneuxiae con- | 

eae Bers 

.ecents + , 

Menifold ees 
Exhaust veoce 


funnel air; - a a ee nS : 
Maximum: ». {0-. 0055 oF #/0.00K0 | 0.009 
Minimum .. yey — U.0G06] 0.0001 


seve footnote on puge 31. 
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TABLE 5. - Results of tests on Diesel locomotives in tunnels (cont'd. ) 
TUNNEL seoccceccvecace A A Cc BD B Cc 
Locomotive number..... | cae Jil, desc. Det oe ately: DS 6 
Engine load .ieceeese- | Idle | Idle | Idle. {| Load ~ “oad ' Load 
Rate of air flow, cu- | SCS ann sae | 
bic feet per minute | 3,600. 12,000 | 25,000 ; 25,000 | 45,000 | 18,500 
Air movement, ft. per [  ; [| i | 
Wins sstsseessuesee-| odo 1° | DOR "65 85 1° 200 70 
Reaction of men ......- | Poor Fair Good Good | Good Good 
*/ This sample was taken in.air. downstream of both engines with one 
one engine idling, only cad feet away from sampler, and is not 
representative, - 


Some of the requirements of ‘design and maintenence of the ‘Diesel loco- 
motives used in the construction or the ‘Delaware River Aqueduct tunnels are 
quoted below: | 


1. The engine tuel shall be equivalent in quality to 
that specified by the engine manufacturer and shall have a 
sulfur content not exceeding 0.5 percent. It shall be kept — ; 
in clean condition and shall be free from all foreign. contam- — 
inants before being used in’ the cngine. | ; 


2. No fuel. shall at: any ‘timo be stored underground ex- 
cept that carried in the fuel’ tanks of the engine. 


43. The fuel ign abticn system shall be designed and con- . 
structed so that the ratio of air to fuel cannot be reduced 
below 20 to a and the, fuel pump oe shall be sealed. 


~”~ 


4. The seine shall be waitneed: with flame arresters on 
the intake and exhaust systems of such design that the surface. 
temperature of ‘the exhaust manifold shall not exceed 400°F., and 
the exhaust gas eempere ware oe, point of deecheree shall not 
exceed 160°F, «| 


2» The engine exhaust gases shall be discharged into the 
atmosphere at a point remote. from the engine operator. 


6. The exhaust: gases shall be cooled either by washing 
and/or spraying ‘with water,’ so that no incandescent particles 
shall be discharged into the surrounding atmosphere, 


re Spent. "gases from the Diesel. engine: shall ‘be diluted 
with at least 10 times their volume of air before being released 
into the underground atmosphere. 


& The feyer of water in the storage ‘tank shall control a 
valve interlocked to the fuel line whioh-. will- stop the flow of-- 
fuel oil before the water Supply becomes’ exhausted. 
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9. The carbon monoxide content of the exhaust gases 
. leaving the. engine manifold end before dilution. shall not 
—excécd 0. 1 percent. 


_., L1. ° The concentration of oxides of nitrogen at any point 
in the general tunnel] air shall not exceed 40 parts per 
memes 


ee © ® we « @ 


12, The Sonsentra Gn of sulfur dioxide, ‘aldehydes, 
visible amoke, or other irritants in exhaust gases shall 
not create toxic or irritating atmospheric conditions or re- 
duce visibility in the tunnel with the end of the vent pipe 
not more-than 150 feet from the face nor less than 25 feet 
‘beyond the car changer.shall be maintained. The. main vent . 
pipe opcning shall be at the crown of the bore. | 


13. Before operating a Diesel. engine underground, pri- 
mary exhaust ventilation at the rate of 10,000 cubic. feet 
ver minute or more per engine and a minimum air Meteors of 
50 linear feet per minute in the tunnel. 


14. Auxiliary ventilation shall be by blowing at a 

rate of 3,000 cubic feet per minute or more, with the intake 
to this system not less. than 250 feet. outby the car changer 
and the dischurge not more than 65 feet from the face. The 
minimum eir velocity between the face and the cxhaust main 
Shall not be less than 10 linear feet per minute. The loca- 
tion of the auxiliary vent pipe shall be at the spring line. 
The auxiliary vent pipe shall be mctal from the air intake 
to the car changer; flexible pressure tubing may be used be- 
tween the..car changer and the face. The intuke to the auxi- 
jiary systom must be so. located that air entering it will » 
not be contaminated by exhaust gases from the Diegel locomo- 
tive when operating between the euxiliary intake and the — 
face of the tunnel. , 


15. . Whenever a.Diesel engine is used: in underground- 
tunnel operations, all headings shall be separately venti-. 
lated by primary exhaust ventilation. When any portion of 
the primary exhaust ventilation is not functioning, . no Diesel 
motor shall be HunnEDB 


Diesel Locomotive in Underground Suyvice at a Leai-Zine Mine 


A Diesel mine Tecanotive. has. been in wernice as a sioiactine haulege 
unit at a western lead-zine mine for.more than a year, and service is re- 
ported to be phere kc An a leud-zine mine is being reopened by a 


Wicg nun Concentrec ica of oxides of nitroemn is 25 parts per million in 
most States. , , hi | 
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Crosscut tunnel, which intersected the voin of ore about 1,100 feet below 
the lowest. swork ings of. the old mine. . The altitude of the portal of the. 
sunnel is.10,600 feet.. The first. 4,500 feet-of tunnel was driven many | 
sears ago and is-only © feet: by 7 feet in. cross section, with many placce 
less than 6 feet high... The: remainder of the tunnel, about 8,500 feet, is. 
3- -1/e2 by 8 feet in cross section. The tunnel grade ranges from 0.50 ie 
aimost 2.0 percent in favor of the load; the ee aes are in the 
older portion of the tunnels. .-: -- 0: :.itoe | . 


The mine management decided that the smaller seoti on of the tunnel 
did not cliow sufficient height for electric trolley. locomotives to. oper-. 
ate sefely ond installed a Diesel ,mine locomotive as a main-line haulage... : 
wit after having obtained. approval from.the.Commissioner of Mines of that. . 
State; permission was granted to use the Diesel: loconotive for. a , distance 


of 8, 500 feet in — the pee of oad ea > (Fle. > ). 


The Mesa ae SécciBti ve: as. Sealy. ees ictgned 5 y eons. | 
but it has since been increased: to 6 tons:-in, order to give the-locomotive 
more traction. The Diesel engine develops 65 b.h,p. at, sea: level. but, be- 
ceuse of the high altitude, develops 55 b.h.p. at the tunnel eltitude. 
There is a loss of: LIfe percent of the engine ‘power for each 1,000 feet. 


rp 


increese in altitude.’ Some: perenne one ice ‘to. this. loconotive are. dus 


‘abulated delow (fig. 6) 


Height, over all cece tse renee reesaces ~ féet, -o inches. 
Length, over all eee seeateteeseeeey 12 feet eS 7 
Width, ovér al2 srececsveveescecsvees 3 feet, 3 axichos 7 s 
Track GAGS: eccauak bees eeess ene seas ee inches : 
Site ceaeaht tie aS is Westinghouse air brakes 
Air brake-cylinder pressure ....i..4.-125 pounds 
Couplers sitheedbwededenewbee svar eden” Front ond rear’ of. oco~ 
os -motive-midgét type 
automatic lodomotive | 
Lae -coupler&'° ¢° i" "= | 
Drive Sse e bbb chee eee eb ee eseee ces ies. Ade Pods). Pee eo 
“heels Peete onde ces ete e bee bee ee ee ee ‘Manganese: steel. elloy 
: tires shrunk. on: cast | 
ae er Pee ea, '* -dron- centers ° 
Speeas Core ec ve scree sees a eeeesensoene ' 5 in either atreotion 
“OC onotive frame” seeded dé vate deedeere” Cast steel: bees OW 
Heaqlights: earn ee ee vere Sones. Front and” ‘rear. 
el “consumption, 8 hours ' Sif ae atelecare 6 eens: average? 


Th 
aitee? POLES in most: of' the einen treck Wetati 45 pounds ake Mnesr - yard; 
“ils are > being replaced with reil of this weight: — | 


The 
tens of ° mine ; cars are 60- cubic foot acaba wes and have.a henaelee of. 3 
15 epty “5 the empty car. weighs 2 tons. The locomotive normally pushes 


of 26 empp ors into the mine and returns with 15 loaded cars, A-maximum ss: ” at 


Cars has been pushed’ into’ the: mine on a single trip. ‘ The haul: - 
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from the chutes to the mil) track is approximately 2 miles.- The locomotive 
has brought out 120 loaded cars in an &-hour shirt under: actual working, con- 
ditions. The estimated capacity of the mine locomotive in terms of ton-niies 
ie said to be 500 ton-miles cf loaded cars and 200 ton-miles or empty eer? 
or a total of 700° ton-miles dn 8 hours. (Fle: ao an 


The engine is reported to start easily; a le-volt, Slip aaveces eer: 
Starter and Boner are eee. 


The locomotive is cavinpea with: Westin emis air brakes and two: hand- 
operated emergency brakes. The air brakes are on the driving disks;. one 
emergency brake is on the four’brake shoes that contact each wheel, and the 
other brake is on the transmission.£©/ Owing to the-heavy loads and steep 
grades coming out of. the tunnel... more than ordinary braking power is. desir- 
able; a special brake car weighing 3 tons is fitted with air brakes on all 
four wheels and t's coupled to-the.engine at all times.. The brake car is 
fitted with two seats’ and -is used to transport samplers and eee aso ee 
Dereounel in os out or ne mine pac) the shift. 


An enaaual type ot exh ste ae? cardeeiGaer: or. scrubber was. asseicned, 
for this mine’ j Sok ot va The conditioner tank,. capacity 4 cubic feet. 

of water, has a circular core placed horizontally in .the tank, around which 
the water circulates. The exhaust gas enters the manifold of the conditioner 


of exhaust gas into relatively auc) Gubbics. . It is important that the 
diffusion of the bubbles is not, 80 great as. ta prevent separation of the 
water from the exhaust gas when jit grrives in the upper separation chamber 
on top of the conditioner tank; this is controlled py tne velocity of the 
water and the diameter of the diffusion tubes. A "semi-spitzkatzen" used 
in conjunction with a series of baffles separates out most or the weter in 
the separation chamber. A secondary .chamher .plaqed above the separation 
chamber contains a cyclone svparator, which .renoveg moat of the remaining 
water from the exhaust gas and allows the gas to escave to the atmosphere 
and the water toa return. to the circulating stream. Means ere provided to 
clean the diffusion tubes of any .wax, .Qi], .or carbon .in .the exhaust gas thet 
accumulates on their inner surface owing ,to .lowering of the temperature of 
the gas. Cleaning the tubes is .q gimple operation .and .must be done about 
once a week. The conditioner is more efficient when. the engine is working 
under heavy load, as the temperature of the water increases. The exhaust 
gas from the engine. escapes as a yapor, which.condenses and is virtually 
steam. The manufacturer states that condensation of the vapor precipitates 
the solid particles that would remain in a colloidal state in the ore and 
thus smoke is aad by the a ae a 


Rath, Joseph. Pan. Ruth Diosel Locomotive eos Ore aay lace, i, 000 . 
Feet Altitude: . The Mines Magazine, vol. XXXV,.No. 7, 1945. 

23/ Plumb, C. W., Diesel Locomotive for Underground Halace: Am. Min. 

Cong. Jour., vol. 32, No, 10, 1946, p. 77. 
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At present, the tunnel workings are ventilated by means of a suction 
fan at the surface and an 18-inch stvel ‘pipe; a booster fan is situated . | 
€,5C0 fect frem the portal, and it ia siated that 5,000 cubic fect of aa 
per minute ia delivered to the headings. When a raise now being driven is 
completed and the lower Workings are connected with the old mine above, ven- 
tilation of this mine is expected tq be impraved, and it is hoped that it 


will be possible to operate the Diesel mine locomotive. ain all parts of the 
tunnel.’ . ‘ | 


' Samples of the general mine air taken at the. ene of the Digeel mins lo- 


comotive run, 8,500 feet from the portal of the. tunnel, were. -annlyzed as 
follows’: 


___ Sample number and dete taken 
27 i rr an Doers 
ale -l2- LE : _ 7-12-46 : 


—— Poet. 


Oxygen rey 


: 20.22: 5 0. Ad. 98. : 
_ NAtTKOgen casecioccccce T9 41 al ot ee ID SDG 
“Carbon dicxide eoceee s 0. AT. oa aa ,Q. 46 : 
Carbon monoxide .ecec 0.00 Less than 0, 005 
| 106.00-. |: 100,00 - 
Oxides of nitrogen _ re ae re er 
parts per million. | ae oe af 28. 


. A sample of. the oxhiiust gas was taken from the engine exhaust, _ pipe while 
the engine was idling; the analysis. of this. sample follows: 


ee ee ee ae ee 7 _ ‘Percent 
Oxygen siiatd ears ecaie a @w Ow Secs Gites 19.42 
Nitrogen . PAeCoqgegeesgecoreoagera - ‘19 - hi 


Carbon dioxide sectecseveeece | 115. . 
Carbon monoxide @eeeseereoere . 0. 02 . 
Methane | cee ceccncseneccesence | 0.00. 


~ 100.00 
Oxides of nitrogen, parts per - ;:- 
million covwcvecvesseccess «5 . 

Temperature, a. f, ars 
Dry VOID seseceeeswwcens 2 Pts 
Wet bulbd siusieun earn ereeeiaee. Se 

Relative. humidity, percent... . 96. | 

Barometric pressure, inches. , 20.15 __ 

“ixtraneous matter in the ‘semple tube 

prevented analysis. 


' Remarks 
The successful use of the Diesel locomotive underground at this mine 
is of particular interest because of the high altitude at which the mine is 


situated - 10,600 feet above sea level; most. European mines uptne Diesel lo- 
ecnotives Have en altitude of loss than 1 3500 feet. i: 
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. -+ The use of the weightcd car fitted with oir brekes to give additicnal 
braking power and thus better control.the trips of loaded cers on the steep 
‘grades coming out of the tunnel is unique in American prectice, Berens eir 
ppeeeee cn mean. trip cers ire not uncommon. in Europa. igh 


a ee The | “iy analyses indicate the ncucd .of etiam ventilation of the ene: 
«this should be attained by completion of the raise. connecting. ths tunnel 
with the lower workings of the old mine above. Both the carbon dioxide and 
the oxides of nitrogen in the generel mine air at the end of the Diesel mn 
| approach the suggested maximum limits for Diesel-engine operation: ynder- 
ground; however, no untoward occurrences have been ceused by the eee 
tion as of Februery 1947. 


~' Diesel :‘Lcecomotive. in’ en Underground Limestone Mine 


A Diesel locomotive is used for heulage unit in en underground limestone 
mine in one. of the Western States; this is believed to be the first smell 
Diesel mine locomotive used underground | in the Laas States. The locomo- 


tal of the tunnel is 6,550. foot. ee 

‘Two steeply dipping Limestone Bods": Pay and 22 Poet’ thick, respectively, 
have been opened by a crosscut tunnel 8. by ‘14 feet in cross section.. Drifts 
are driven right and left at.the intersection of each bed. of limestone , end 
the shrinkage-stope system of miriing is used to extract the limestone. 
-Only enough broken :rock.is drawn:from the stopes .through:chutea on the haul- 
age level to provide head room:forithe miners. The .croascut, tunnel inter- 
sects the farthest limestone bed cpproximately 4,500 feet from the portal. 
An everage of 6, 300, tons of rock a month is hauled from the tunnel. 

The broken dimes tone. ia. dreyn, from. chutes | into SeGupie yard side-dump 
cars and hauled to.the crushing. plant,on. the surface by a 5-ton Diesel mine 
locomotive. The track gage.is. 24, inches,:and the rails weigh 40 pounds per 
linecr yard. Double tracks, extend, the, fyll length of the haulage tunnel. 


Mechanicel ventilation. is.not pravided, but considerable circulation 
of the air is obtained through the, empty. stopes driven to the surface. Con- 


struction of a new ventilating system is in progress; 3a 50,000 c.f.m. fan, 
operating blowing, will be pleced in the haulage level. The air will be 


* @. © © @ @ @ + @ + @ 


will escepe to the Rareace through the numerous. mine Openings. Mine doors 
will be used to ceca the flow of air into the Stopes. 


The avhaua thease San oecices on, ae Diesel engine was disconnected, and 
the exhaust gas from the engine was discharged into the air without washing. 
The odor of aldchydes was present in the mine air but was not strong enough 
to be Opnox qua 


A biporensie tees eenee monoxide irda dator was operated in verious 
places in the haulage tunnel, particulerly in the vicinity of the loading 
chutes and near the face of the tunnel.. The highest concentration of car- 
bon' monoxide registered on tho indicator was 0.0025 percent. 
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Samples of. mine air face il for oxides of nitrogen gave the following 
results : | 


Oxides of nitrogen, 
| ae parts per million 
Generel mine cir near loccmotive whilc as 
engine was idling at the end of the | _ 
DiCSEL PUN: née. caca see ee oe wee ties 1h 
General mine air near a loading chute 
about 100 feet from Diesel engine. , #3 —_ 
Engine was 1GIS 0G ic. .cn deeciseas oss: 3 e 0 
General mine air at end of Diesel run. “a 
Engine idling about 50 Peet away 


. fron sampler. ee ae ery ine lay ; - ok | 
General mine air at end of. Diesel run, - . A 
engine idling. 2:2 2. O20 2 8 OOO OS 8 8 86.8 SS 15 


No trouble as to respiratory anata ons or ag “to fires or explosions 
hes been experienced with the Diesel mine locomotive in 2 years of opera- 
tion; in addition, the installation hes been definitely satisfactory from 
the sie aaa of cost. and efficiency. 


Remarks 


~The use of Diesel tecomonives or any type of internal combustion engine 
underground without mechanical ventilation is regarded by the Burcau of Mines 
as hezardous. Naturally induced ventilating air currents may change their 
direction beceuse of verintions of temperature and barometric pressure, or 
the air may remain stationary relatively long under some conditions. The 
mechanical ventilating. system now under construction should provide abun- 
dant ventileting air to pat aang cwoy the oxhoaust gas from the 
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'. wide and 5..to 6. feet high for o distanco of 300 fcet;. pillurs ore recovered | 


on retreat. The mine oporates one shift a dy. 

..The total length of haul underground is 10,50C feet, of which 8,900 
feet is .grcded in tevor of the load and 1,600 feet is an adverse grade; the 
2,300-foot haul on the surface is cn edverse grade. The grades favoring 
the locd cvercge 4.04 nce for 8, oe feet ond the edvorse ere de aver- 

ages 1.85 percent. : : i 


Circulation of air in ie cane is. induced. by a, ioe. 10-bleds, disk 
fan opcrating exhausting; the water-gage pressure is 0. 60 inch, end about 
12,000 cubic feet of cir is. circulated through the mine -per minute. The 
main heulageway is ventilated by return air, ond- the air. Containing the ex- 
heust gases from the Diesel engine. daca nat page through the working places. 
The coursing of the air is controllod by woodan: doors ong brick stoppings. 

The Diesel locomotive usually makes three round ere widoparouid voch 
. day; a round trip requires 1..to l- i/z hours, but. the actual runing time 
- averages 22-1/2 minutes for a trip or .locded cars from the widc.zround 
switch yard to. the mine scales' at the end of the run end 23-1/¢ minutes to 
retur with « trip of empty scars... A trip is compuoscd oi @l cers naving & 
totel weight when empty of 13 tons. The normal weight of clay handled per 
trip is 45 tons, m:king u gross weight moved of 68 tons, including the 
weight of ue locomotive. The Diesel eee is not Bene, to idle under- 
meee ance a3, as : ade tes : . cee ; 


baa The Diesel. Leeonoeave: WEB | ein ga6ci fiddly for conditions in this 
4 mines aoe os the een Bpsed eter eiOns follow: , 
7 Dicsel Recenetiie specifications 


10 tons 
4 feet, 8 inches 
13 feet, 4 inches 


Weteht ee acne ee errr re errr 
Height over all eeceseeevnv@eaeeneeneeoeg see? 
ee Length OVED Bl 44444536 ibs ewes 


Width over (add ccccccceccneseocsene§ 9 Leet 
‘Track BURFI pevcovccccecescecsccence. 36 inches 
' Diesel engine: - | 
Cycles CO CCH COE EMAC EeS OOS OLOCC® 4 
Cylinders eorecsesecosereroses 6 
Bore of cylinder ..e.eeeeeees 4-1/4 inches 
Piston stroke .recoceccovecee 5 inches 


. Piston dispicacenent ecoreceeser 
.. Horevpower, macimum: . 


4 ak cubic -inches 


.. At 2,000 VePelbe evevccvese 165 ; 
~ AG L200 rep.me cduccceeee- 125. 
Compression ratio ceccosccsese lO:l 
. Engine exhaust stacks, 3 in- : 3 
, ches diameter - coos ceececes ‘Oo 


| nen Gr estan O.0 6a 06 e C066 Oe 6 eS OS 


4 speeds, po cre reverse geer 


- Chein drive from reer: ‘axle to front. wheels. 
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_ Diesel locomotive specifications {cont'd.) , 


. Brekes sceastihers ee Ree ee . Vacuun and hand-operated 
Throttle « dissevceucessaseeseesees. Hand= anid foot-operated 
OWI swiss se ceusdsaetssbasetiasas bend Operated 


 Fyel-tank | COPACALY erevccccececees 14 gallons 
_. Sanders co cece cerneerccerereretore PRODRET Ye for pee. and rear wheels, 


‘Mine air samples were token bakers end after changing | ine fusl Anjec~_, 
tore on the Diesel engine. The analyses follow: pe ae . : 


- ., Before changing injector 


Return air on main haulageway Face Face 
Loconotive houling el. empty cars room A room B 
ORF BOO ei icesvdoe eek 20.71 20.43 20.44 
a Secicd Bins OTe ici Ss Sigl'2S & 4e3 FOE GEST 
Carbon teecas SR Baa tera: nee ak orang’ oh os ye cf “O35 0.19 
aati monoxide w....... Leas then .005 2 oC Less. then <01 0.00 
Se eee ne ee ee eo 750 ,0 De ere reee ee oe 0; + 0.00 0.00 
stile wt Bias eh Seis AAG oie icin Fe RT eS TO0. 100.00 100.00 
Oxides of nitrogen, stents Baie BALE See entiete tele ee ae 
perts per be dng teuclthe bins rica Q - ~ 
‘After changing injector... | 
0 oe . AE eoek Riera cas I int S eh ark ne Sateie A oi Bee 
Riteoa. CC e@eesecese .., Sr Fe ae ee ee a 21 CR ce rey oS = 
Carbon aogige ere tase sre EE hes) Nido Se TE Spence ae nee MSS * 
Ce oxide Os ale Se Ges 0.09 pr bebe eke shy alge ° 6 6 es = 
ae monoxide ... 0.00 0.00 : 
ethane thee bees te fi aks ie 274 9.8 le a NOOO x Jee Fee. 2 Pet OE 
Shy 100,00. Tage 1 3 oN oS 2 Te et a 
Oxides of Ritroken; ae ees a oe & 
‘Perts per witison~ “"  20Ge9 es @) 


st analyses of the exhcust from the Dicsel engine taken ot differ- 
*S and under. Taleo conditions ‘are shown. below: SSeS ay tO 


ent t 


! Locomotive. Locomotive. epee 
* Volos Iheuling loaded} hauling 21; hovling 21. 
| idling | _ trip ap Upgrade empty cars | loaded, cars 


Ba BO.0h |. A5MEH. [15.09 [ 15k: 
Carbon digs t Ts eseesesecees| 19627 | 80.52 7 81.03 . |. 80.96°«: 
OE, ee een EN Lf 5.2} °5. 88: 
Methong TAGS weececsecse! 0.05 | 0.11 | 0.04 0.09 

Tt ec eeeeeseeeeee! 0-00 | 0.02 = 
“tldes Of y 100.00 


pee revereces 


12 
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The Diesel engine is- yepeniiea: once a yecr,; and the fuel-in jection 
system is serviced every 6 montha. The inteke-cir cleaners and oil filters 
are clecned once & week, and the compounded: ludriceting ee eee every 
two wevks. — ee eee ee 
. he engine is cquipped with a miotallty operated, quick-acting vulve in 
the eir-intake systen, so that in case of ‘fetlure -of the governor and fuel 
Shut-off in the fuel-supply linc, the cngine can be stopped by cutting off 
the supply of tir. Fuel consumption is between 6 and & saath of fuel oil 
per day when production is approximately 135 tons. — 


Specificetions of the fuel purchascd for. this Diesel locomotive ere as 
follows: 


 Hugl-ol] specificctions 


Gravity, A.P.I., 60°F. ipribiiaiieeneiacaiviaing ae 
Flashpoint, P.M.C. Ce, F. i 1.00 
Viscosity; S.U. at 100 OF ez SCCONAS covesccoscvece . 33 
Sulfur, porccnt Co rerrcccccvaccecesoveseccvvcsces | O11 
Carbon residue, percent esessescsassiccvctovccenes 6.01 
Neutralization number ceccvovecccsccscvccscsesnces _o 
Water and sediment, percont cecccevccseccccscceese Nil 
Diesel index Pei a Oe a ee ae ede 64 
Distillation rangeé,- SSE nin Ae es 

Initial boiling point COC ooo cere rereereoereore 450 

50 percent st ebeeneeererecereretecnseencesorens HE ; 

90 ee . 590. 


End-point CO cece e ee wer rccersedveresecccesene as 


or scrubber, but has a plover. which, pocer iae. to the Gee is 
about 1.4 times the piston displacement of the engine; the exhaust gases 
are diluted to the extent that the blower delivery exceeds the piston ais- 


. Placement. . 


The production ‘of smoke and irritating and odorous ieeniada by the 
Diesel «ngine is not.considered objectionable under internediate or heavy 
- loads, but under light loads, particularly on a downgrade haul, considerable 
_.smoke, odor, and irritation are evident to the rider on the rear end of a 
loaded: trip. This. condition. pee ‘not exist ae the locomotive on either up- 


' ep» @ @ wes 


Le lr ir Sir nr 


lating air currtnt, which is about 225 feet per. ‘ae saci 


eo ere © 4 


i i ee rs 
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exheust-gas conditioner or Scrubber would ; remove at least gome ot these un- 
icairablo- natericls. 


~The haulageway ét this mine is on return air, > “hence any odors, smoke, 2! 
or irritants produced: in’ the engine exhaust do not go ihto the working, 
pluccs , where’ they might: ‘heave an adverse. effect upon’ the employees ‘working 
there. This illustrates the advantage ‘of: ‘having heulageweys in’ which Diesel 
locmotives are working on a separate split of air, so that the air will 
not BO anv: the working places » or on return’ air, as at this mine. _ 


“Diesel Locomotive for Mein-Line Howls 2e in a. _Westem Coal Mine “ 


At a bituminous coal mine in a western State a Diesel ee was 
installed a8 an underground main-line heulege unit. Permission to operate 
the: locomotive: in this manner was obtained from ‘the chief eoeal: mine inspec- 


tor of the State on ‘April 2, 1946, A end it was ‘Placed in -undetground service 
on Mey é 22, 1gh6. = , 


~* 


The oueate to ines the Diesel’ locomotive underground was ‘granted 
under a f ue oca? = ons : 


“Le The Paconoti de shel: = spanaved< on an intakes ies oad used” 
as a haulogewcy. ; 

2. The locomotive shall only be operated for a distance of 1, 200 
feet inside the mine from the portal under i aa senda: 
tions cs steted in:ds::::-:: ee ia eae ia : 

3. Mine inspectors of. the- United: States Bical of. Mines may ex- 
amine the arrangements: at: any: time: and: meke such tests as they 
deem necessary to check on the safety of the installation. 

4. The use of the loccmotive mst be stopped Anmediately if any 
hazard ‘to’ the workmen develops from its operation. = a 


The mine is opened by threé slopes driven from the outcrop, up the dip 
of the cool bed, whieh averages: about: 6 percent: in- favor of the load. 
Starting at about 500 feet from the ported,- the: development plan was changed, 
end four slopes were- driven: instecd: of: the: origine] three slopes. The two 
middle slopes are used oS intake-air- passageways, and: the two outer slopes 
cre for return oir. The mine i ao as CAB BY by me moderne Bureau of Mines, 


The coal bed ranges from’ 4 feet, 2° inches: to 19° feet, 3 inches in thick- 
ness, but the bed is subject to severe “rolis,": and in some places the coal 

bees entirely eroded. The’ coni:is lvaded with mechanicel loeders and 
vraneportcd to a loading treck’ by shuttle: cars, The mine cars are hauled 


ts from the nain-line asseubly parting with Sotan storage-battery loco- 
ves, 


ase The coal cers yield 2.65 tons, and the Diesel locomotive hauled eight 
i een trip. A round trip required c en aS rage - dé minutes 


oi. 


Google 
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The Diesel loconutive is powered with « 48-b.h.p. Diesel engine. The 
loccnotive was first placed in service cs a switch engine in the tipple. 
yerd cn Novenber 11, 1944, and was not overhauled before being placed in 
underground service. :‘The.engine was not equipped with flame arresters on 
the inteke and exhtust,.cnd the final.exhaust didnot pass: through & scrub- 
bor” or. exe eee conditioners oe 8 sid ra ane of eats Locomotive. 


The. Hoceaoti ye nae five ey sheaa, aed fran 1. 5 pst in 
first gear to 15.3 nu.p. h. in fifth gecr. The locomotive. pushed the empty . 
cars upgrede into the mine ond was atteched on the front ena of the trip as 
it left the nine. :A locomotive. enginver énd ao brakeman, conprised the crew 
of this unit. ae aieies 


“The fe ainnerey. ig on. inkcke. gir ena neasures oo Baiiero: “foot e cross 
section noar the portel. The ventileting gir measured: 37,000 cubic fest . 
per minute ct this. point. The cross-sectional arec: of the haulagewuy near 
the end of the Diesel rm neusures 78 square feet and the ventilating cir 
neesured 20,000 cubic zee per ae 


Air eanpiee: ea a tho aide ccm ee by Paa ae Mines. coal-nine 
inspectors eae? hg gpa as tho plese nose OLe Te in Bervece were panesy ere 
cs follows: °: wr tee eS a ae a 


Paar oR ORI ae Pobetat: 
és onyeen Teor ore eee ee ree ee eee 520.8 oar. 
Carbon dioxide Lteeeeeeeseeeen ee! ~ 0,05 


eee Ue ee wees eeeweeeeeiostce. 0. nen 22 : —< 4" 


‘aie. of the: eee anie ine: ate in hich ae. eo Tose ve wes 
operating, . taken near. ae ene of “ng 2 run , se eke OB : er owes - 


| | Bercent 
‘ Oxygen: Cece eee eee ere ee oerescone |! 20.8 
: NAtrogeh se vsestvcscecscccscesed 79.02 


_ Carbon. dioxide DG 6-5 66s S46 bea wee keds 0,08 7 
> earce uonoxide Soe 66 6 ae ee ees ‘than. O.OL | 


“ Oxddes. of. pitregen oo per aT 
DA LLIN: «se ewlesveew stew ewreee « 7 
Temperature, OFss.° fietac ts Wig 
Dry bulb - chaia Ore eee een 63 | . 
“Wet Bulb -eccvicceoscavessovves 2. 58 
‘Relative hunidity, percent: ..s«' 76 | 
_- Barometric pressure, inches .6<e: 9: Qk!» 


A supersensitive carbon monoxide indicator was operated continuously 
while the Diesel mine locomotive tacde several rqund ‘trips fron the under- 
ground assembly yard ta:the tipple; the grestest amount of ‘carbon monoxide 
noted was 0.0035 percent, while the loconotive was passing the indicator. 
The indicator immediately returned to zero after the locomotive hed passed. 
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Tho supersensitivo carbon monoxide indicator detects cccurately concentrc- 
tions of carbon monoxide in tho range of 0.1 to 0.001 percent and concentra- 
tions as low as 0.0025 percent can be ostimated. 


_ Samples were teken of the gas from the Diesel-engine exhaust pipe - 
while the engine wes idling arter pushing eight empty mine.cars up. the 
approximately 6-percent grade from the portal. The analysis of the exhaust 
ges follows: 


= oats -. 4. lh. )6©6. Percent. 
- Oxygen Coeseererrrcanecovrarecereseaos - 16. , 
Nitrogen Coreceeeeoneeeesacnesecesne, 19. 73' 

Carbon dioxide SCORCH ESCO SC RKO EHO LOS. 1.76: , 


Carbon MONOXLAC cececcccsccccevecs 0.03 
Metnane COC CC CECE DOL OT ESE etETE OO 0,04 
- 100.00 


Oxides of nitrogen, paves per | 
: million eeeeeveeceeeeeeveneeevseegeve. 4 


: 0 The specifications of the fuel oll. that was wed in this Locomotive: 
0 Ows : ' 


Sine - Winter .; 


. Flash scscceccsccececeecceccsces 100-170 ..- 145-150 - 
- Viscosity-SU at 100° ...ccceceee’ 35° ie 
: BOW 5.55 ee Gisa, aa leem aiepritanae oneewe 2 OF 4 -20 
ClOUd: DOING 44064 ssceeeeaseeiaes ~ « 35 51 
:. Cetene (calculated) secscseceses — 55 | 51 
Color Ssaybolt coo eeeanevrecense Below -16 | Below -16 
Sulfur, percent eee rocco venseseaec | 0.08 —- 0.08 
Diesel index Ce vocreonreooceocace| 61. bd 62 
Carbon residue, percent on 10 
percent of residue oeceoeeaen : 0.04 0.04 
BSGW secccccccccecececccccsceses Nil . Nil 
BTU content CRC CO CE EE LO LESCOL ESES 18,480... i . 18,500 
Gravity 39 » ho 


. Volatility: . aoe aoe: . oh , 
IBP eeceveeseseaeeeeseeveneece "375-385 540-350 
LO PEFCENt ccccverenccevece YA 5455 405-415 
re: 90 percent cocerececsecescce 540-550: oe 530-540 
End point eceoeoeeoeecserxsesgenrves 580-600 ., . 575-600: 
to Ge Diesel engine emitted black smoke while pushing the empty trip in- 
800d g ©; this was probably due to the fact that the engine was not in 
Under Perating condition, as it was not overhauled before being placed in 
onoxtowen service. The odor of aldehydes was not strong enough to be 
MS and was quickly dissipated by the ventilating air current. 


- 4% - 


Google 
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Reniarks 


This Diésel locomotive * gave | efficient service while it was’ operated, 


‘+ ‘but it' was removed from the mine efter the Fedéral Coal Mine Safety Code 


went into effect because it was nonpermissible, hence its use was prohibited 
‘by, the Code. The aldehydes in the exhaust gas of a Diesel engines can be 
almost completely’ absorbed by installing an efficient air conditioner or 
“scrubber; water is one of the best absorbents of aldehydes, The water in 


"the scrubber ‘sholild be maintained at’ the correct’ level, and the weter 


Should be changed at frequent intervals, 


Diesel engines used in underground work should be maintained in good 
mechanical condition at all ‘timcs, ‘ctiterwise ‘the noxious geses in the engine 
exhaust increese rapidly, ‘and much srdké nay be emitted. Some companies 
keep a record ‘of the hours ‘a Didsel ‘criginé operates, end establish a time 
interval for complete ‘Overnaul ‘of ‘the engine. 0 

USE OF ‘DIESEL-POWERED EQUIPMENT OTHER THAN LOCOMOTIVES IN 
_ UNDERGROUND MINES IN THE UNITED STATES 

Trucks powered with both gasoline and Diesel engines are used exten- 
sively as ‘haulage units in underground limestone and sendstone mines in 
the Central States and in the Tri-State lead and zinc district; The mines 
are usually in flat or nearly flat formations, where it 1s possible to 
build roads without excéssive grades. The mine workings vary greatly in 
height, but usually range from 12 to 50 feet High. The overlying rock is 
supported by pillars, and usually ‘there are several openings to the sur- 
face, whip provide fairly good natural ‘verttilation. (Figs. 9, 10, 11, 
l2, 13. The cross-sectidricl ‘ddd ‘6f niddt of these mine workings is 80 
large that the exhaust gases ‘from ‘tiis ‘tnternal-combustion engines are di- 
luted, and the movement of air ‘inside the mine is sufficient to carry the 
exhaust gas away fromthe engines.’ Mechanical methods of ventilation are 
used seldom in these noncoal mtries ‘with ‘adit ‘openings; a few are opened 
with Se » and nese are ventilated much as is a coal mine. 


or © @e @ @ 


Diesel Trucks in an Under sound ‘Limestone Mine in Pennsylvania 

An important Guibeeecanl Limestone mine ‘tn ‘Perinsylvenia changed its 
haulage system from steam-powered locomotives to Diesel trucks on April l, 
1939. The mine delivers approximately ae tons of limestone to the crush- 
ing plant deily. 


“2 * © @ © ee gs ©. @ 


The Industrial Board of ‘the ‘Commoriwédalth of Pennsylvania granted per- 
mission to the company to use Diesel-powered trucks underground unler the 
following conditions: — 


Te. | ‘That the truck motors be stopped when loading and operated 
- only when the trucks are in motion. 


Ly, Iliustrations were furnished by the courtesy of the Caterpillar Trac- 


tor Co. 
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2. That automatic carbon-monoxide detectors equipped with bells 
capable of being heard throughout the work area. be installed 
where Diesel trucks are used. Upon sounding an alarm indi- 
cating dangerous concentrations of carbon monoxide. ,» thet por- 
tion of the mine is to be vacated until the atmospheric con- 
dition returns to normal. 

3. That the department reserves. the right to require any addi- 
tional safeguards deemed necessary for the safe operation of 
the mine, after ae tigations during actual operating con- 
ditions. . om &, | ne _ 


The limestone béd is 21 feet thick, 17 feat being mined; ‘the remaining 
4 feet are left as a roof. The roams and entricés are driven about’ 30 feet 
wide on 60-foot centers. Pillars are not recovered. ° | 


Ventilation is by natural meang; there are 12 adit openings - to the 
mine, which provide for all neccssary ventilating requirements. | | ‘Measure- 
ments taken along the haulageway show a movement of air of 33 linear feet 
a minute in a cross-sectional area of 361 Square feet » oF ‘Somewhat less 
than 19,000 cubic feet per minute. | 


The broken limestone is ‘loaded by an electric shovel Pitas with a 
tunnel-type boom and mounted on caterpillars. The rock is loaded into 
tractor-trailer-type trucks.and hauled to.-the. crushing plent. Tho round 
trip is approximately 4 miles, of which —. miles is _wadergrouna. and 1-3/4 
miles is on the surface. ; es — 


The Diesel truck engine is a 6-cylinaer! Pere Pate eee ee eT 
the cylinders have a bore of 3-3/4 inches with a 4-1/2-inch stroke. The 
displacement is 298 inches and the brake horsepower at ec, 300 repem. is 85. 
The exhaust from the engine is carried to the atmosphere through a pipe that 
extends from the engine to the top of the trailer, which tends to keep the 
exhaust gus away from the driver of the truck. The engines are stopped 
while the trucks are being loaded. The Diesel engines are overhauled at 
the factory after being used for 20,000 miles; thé pistons, piston rings, 
and cylinder sleeves are renewed in the general recohdl tioning of the engines. 


Samples of the general mine air were analyzed as follows: 


a ‘| Main haulage | Face of ontry 
No. 15 entr road _ at shovel 


| sae eae na eins ! 
OXYGEN cocccccccesesecel ~ 20.90 
Nitrogen cccccccecesces 79-01 
Cerbon dioxide eocvepede : 00 08 
Carbon monoxide wececee Less‘ than 0.01 
Methene Bats ra enavaveeee avers “90 
100.00 


The oxides of nitrogen were not determined. 
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Senpee ene tive cerbon monoxide indicetors were opereted in the ha ce 
wey, ata working face,sand.in a caved area, out no carbon monoxide wes de- 
tected: by: tho.tindicator.s The superscnsitive carbon monoxide indicator 
i ae ees fees aoxtde in the runge of 0.Cl to 0.001 percent. 


1+ Pee 


. 
+ fe 


ate "Diesel. Tracks Working in a Shaft Mine in Ohig 


- Af Ohio. limestone mine, wiich is opened py two shafts a 200 fect deep, 
is using: 61x.Diesel-powered trucks of 6 cubic yards capucity cach for haul- 
age units end a Diesel-powered bulldozer for, clean-up purposes, The two- 
entry room-end-pillar method of mining is used to extract-.a 17-foot epprox- 
imately horizontal bed of limestons ut the 2,250-foot horizon. Tne entries 


are driven cbout 16 feet wide end 17 fcet hign; the rooms, arg: advanced about 
30 fect wide and 17 feet high for a disteunce of 600 feet.;:On retrect, en 


additional le feet of top rock is mined, making the final:.room about. 30 
fect wide and 2 rect hich. The pillars ere not mee nees 


) Ventilation is induced by a reversible fan spemcne blowing. About 
; 66,000 cubic feet of air per minute is circulated through tne mine in two 
splits... The haulageways are ventilated, by return. air. An it is possible 
to do SO. cee Aa OUR ana, eas 

... Whe trucks ere powered by e-cyclo, 4-cylinder. Diosel, engines with yn /h- 
inch bore and .5-inch stroke. The engines. develop. 107. harsepower at 1,800 
Yr.pem. ‘The trucks cre fitted with a 3-speed transmission, and .a reverse 
gcar, which gives the trucks three, speods in either Semiccumes The tracks 
have been in service since 1941. toc, US . 


4 The bulldozer is powered by .a-cycla, .3-cylinder, Dicsel engine with 
ind /~inch bore end 5-inch stroke..: ‘The, governed ugemrais speed of 1,500 
Ye veite: aevelons a drawber ponen Parse of 6651615. 2 oe 


jm ee Se 


.. 
a 


A Diesel tractor equipped ta “ond ae aie, ae ee “as ‘an auxiliary 
rock-loading unit. The engine isa 4- syn v3 Sreglindor, type that develops 
- 2 horsepower at 1,200 r.p.m. 


: A-1l-1/2-ton truck fitted with. a. A-eylinder, poe Diesel engine that 
develops 70 horsepower et 2,600 r. Pome is used as & pervice truck. 


The large trucks are loaded by an piece shovel or - the Diesel tractor 


“and trensport the limestone to the hoisting shaft. It réquires 7 to 10 


minutes to make a round trip; cach truck makes 30 to 40 round trips a 
Shift. ‘The truck engines are BLoPeca while ‘the cle is _being loaded; beset 
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Samples of the general mine air had the following analysis: 


| Main return at shaft bottom, 
Three Diesel trucks hed 
passed in haulageway in 
preceding 7 minutes 


Face of 
Room B 


Semple location 


bo 
) 
8 
> 


ORFROY SSS eee sewe oe 20.92 
 NABMORSN Se osleve cess 79.02 
Carbon dioxide ..... 05 
Carbon monoxide .... ~00 
MGTHONG .ssececssecs 04 


Oxides of nitro en .. 


Samples of the exhaust gas2o/ were taken from five of the six Diesel- 
' powered trucks; the samples were taken while the engines were idling and 
under varying load conditions. The analyses of these samples follows: 


Trucks idling 


Truck 1 Truck 2; Truck 5 Truck Truck 5 
19.90 19.85 
Ob | Ol 
~ 00 02 
100,00 } 100.00 


Oxyaen Comes re rere escccesece 
HItTPOMEN secevecoovccssceveeé |. 
Carbon dioxide @cecseveeovevereee 
Carbon mMOnOXide .cccocccvcecce 
Methane eOeoeeccerereeviorecene 


Oxides of nitrogen, parts per 
* million Cceceeeseeevneoeeees 


33 13 
Aldehydes, parts per million. 


4O 


Truck 
Oxygen eeeeveesesesee ese eee sess - 11.55 
Nitrogen @eeeeeveeoveaovoeasveeno ee ee 8 -|- 81.67 
Carbon dioxide eeecvoeveveneee8080- 6.68 
Carbon monoxide eeeeseesoveosaeee@. O07 
Methane eceeaseeoevneesvevene seen 0 


—T00:00.1 .100-00.|. 100.00, | 1¢ 100.00 
Oxides of nitrogen, parts per | 
million exceed ecscccccoccce ee ae E 5 4 , 46 


aes 


The arSeesetul. use of. eseiroversn saieipeient at this mine is signifi- 
cant. The mine shaft is 2,200 feet deep, and ventilation of the working 
Places is induced by maanantoat methods. The volume of fresh air taken into 
the mine is sufficient to dilute and carry away the toxic gases of the exhaust 


2 Unpublished report py L. B. Berger, R. T. Artz, and R. F. Davis, 
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from the Diesel engines, end aiialyses of the samples of the general air in- 
- dicate. that. the air in this mine is better than ordinerily is found: in- 

: mines, notwithstanding the use of seven different units of Diesel-powered 
equipment. a | 


> The. mount’ of toxic gases ‘Pound irr the: exhaust: -of. the. Dicsel- ‘engines 
is relatively small probably becduse of their good mechanical ‘condition, 
and this definitely supports the ‘idea that Bait tenenee ‘of ‘Diesel ; equipment 


is of primo importance ; particularly when the equipment ‘is. used underground. 


Diesel-powerda Truck Used Underground tn we ‘tri-state Lead-Zine District 


tee Seem 


oe A Diesel-powered icici is. used as a haulage unit inderground, in a zinc 
Mine in the Tri-State district “Of Kansas, Missouri, and Oklahoma,’ The truck 
was placed in service in January 1946, and the mine air es well as the ex- 
haust of the Diésel engine have been tested at approximately 3-morith ’ intervals. 


The mins is opened by four. Fortical- shafts; the main shaft is 432 feet 
--deep.. Mining is on-the advance, with-enly cne level -working. -The open- 
. stépé-and-pillar method of’. mining: is: ‘ised; the pillars: are epproximately 
' 20 fect in diameter’, , Bpeced." ‘on. about '60- foot oles ae ’ "The root | or. back of 


eee e@ °° © @ @ 


ee -The dre..is. lodded into paises: ‘py- a 3~¢ “um a selectct péweited hoiet and 
“an ‘melinea portable ramp arid is transported to the hoisting shaft. The 
trucks, are 5-ton, rubber-tired, dump-body type powered with storage . bat- 


teries, except one, which hes a Dhesal meen: The Pieees truck has the 
.following specifications: - nose oo 


Type a Bigsaith debeiaidnio -hecycle, overhead-valve 
_ .. Number of: Cylinders: secsesesscryy 7 saeco aglete ale | 
* Cylinder’ bore, inches: peedibedede MAT/8- 


’ Piston Stroke}. driches powescocsio 6"°"" ie ae es 
' Rated horsepower aeeeepeosecscege LOOT TT - 
' Piston displacement, cubid inched “Y¥g | 


| : Developéd horsepower seiscsateee TO. | 
_ Me i ‘rated: apéed- (gbverned) ,: ecce wite le BiWhle dea ae pe Boece ek es 
P sPotie st evececocecaceececcons 2,800, 


: The sshatd pipe of the “engihe. passes “through. ‘the hood ‘and extends 
toward the rear of the truck, pastthe driver. A special device has been 
installed on the truck engine by the mining company to lessen or remove the 
carbon monoxide from the exhaust gas; the description of this device has 
not been | released by the’ company pending patent proceedings. 


The general mine air in the ‘vicinity ° ‘of the loading operations wag 
“analyzed prior to starting the Diesel truck’as one of the ) haulage units. 
| mess analyses. are. tabulated. ees a re 
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Sample 
OXY ESN haps eceeeraesesseediesensaus 2OC7> "20:70" 20.65 
Nitrogen Coe eosresoecererecesececes a O7 79.12 79.05 
«CODON G1 OxIde" ssd'356 cea oceeu soenes ) OF00.° 20,18 * 0.10" 
Carbon monoxide owe eeeeeecererorres | O. GO ...0.00 . 0.00 
_ Methane . Cove cccccesscccccessesesece 0.00 9.00 0.00 
-— a 100.00 109.00 100.00 
die cs ‘Oxia of eee 3 “parts per Pee ee 
MULLIN sesviceeesscewessdeeeere OT OO 
' Mechanical means of: seantiieine tines are’ not’ used, and no attempt is 
made to centrol the natural ventilating currents.’ Air measurements taken 
at various times show that a considerable volume of air moves througr the 
mine workings; the measurcments anereete that the air currents: vanee 
_ from 20,000. to 60,000 c.fam. oe eke Dts 


The everage time required for the truck to be loaded, dumped and to 
travel was 5 minutes; the engine was allowed to idle while the truck was 


being loaded, but’ the idling time generally’ was less ther 2 minutes. The 
round trip’ traveled by the truck was: epproximately 0. 2 mile. 


' Samples of the general’ mine air taken eftor: the slusher had cwaadinted 


loading the Diesel truck, and with the engine eae 7 had *he soLlowing 
enalyses: 


ZO. ar 


Oxygen i a a a a ck Bid 


20.91 
Nitrogen Siac ewok eeda ees . 79. Ie. e 
Carbon” dioxide sale Gane settee laa, © OT a | 
Carbon nonoxide se eeeedeee | 500% 


100. 00 he 
Oxides of nitrogen ; ‘parts ee 
per million ..eecsecese} 0 


&'10-ton, 2-wheel, hydraulic-lift duntp trailer was’ substitutod for the 
‘5-ton hopper-bottom | trick body aftor about 6 months of service. ‘The load- 
ing, dumping, and travel’ time for ‘the new unit was 9 minutes, of which 
4-1/2 minutes were spent in loading while the engine was allowed to idle. 


‘Samples of tho ‘general mine ‘air ‘taken at the end of the loading cycle, 
while the engine | was s idling, had the following: enalysis : 


Oxygen Coc eer rer ceoserssdoeoscooee 


Nitrogen See sacs se bec eeeeese ca” 79.00 
_ Carbon dioxide ee@eeoseoseoeeseeesees eos. 0.12 
| Carbon monoxide ’ saqeeeeegraserenes 0.00 


: (100.00 
" Oxides “Of nitrogen, parts per — 

ai 0 
1664 = kg = 
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Samples of the exhaust gas from the Diesel engine were taken from in- 
side the exhaust pipe 18 inches from the pipe outlet. The analyses of 
these taeitt are shown below: 


Semples of Diesel engine exhaust gas ‘taken 18 inches from pipe outlet 


’*Engine, 
|°maximum throttle 


Oxygen ooo eee eseaeeeaeeeeeeee 


15259 
BitVOGM chins srascrievenas 80.39 
Caxbon GL0x146 secccsvevees 3.96 
Carbon; MONOKLAS cecosecveoe | -« y iebacaee oe > «06 


“Oxides of nitrogen, parts ? ee 7 
__per million eereeeeeeerens | 39 26 - | : 60 


The introduction of Diesel trucks into the lead-zine mines of the Tri- 
State district is of interest. The large open stopes and numerous mine 
shafts, although not. providing positive ventilation, should prove to be 
Satisfactory, as the air movement in one ‘direction: or another generally 
Should be sufficient to. dilute and ultimately corey away the exhaust gas 
from the Diesel engine. 


Diesel-driven Mining Equipment ti eet in Missouri: | 


- pn underground Limestone and shale mine ir, Missouri is using internal- 
combustion engines as power units for ‘most: of the. underground operations 
other than loading rock. The use of Diesel-powered. portable. air compressors 
and drill jumbos mounted on DieBel caterpillar. tractors is unusual. Three 
trucks used for haulage purposes, however:, are. equipped with gasoline en- 
gines, and one truck is PERLE ND vOE 


| The mine is opened by two adits ‘and. ‘covers an area of approximately 80 
acres. The limestone formation is virtually level and is overlain with 


 beds-of shale’and limestone. The cover over. the nine VOREES averages 


SEYRET L ai feet: in erent 


| The mining hiethod ‘consists of ere rooms about 38 feet wide between 
Staggered pillars roughly 55 feet Square. The rooms are driven essentially 
18 feet high; all mining in limestone is worked advancing. The shale that 
overlies the limestone is mined by blasting:18 feet of shale into the rooms 
where limestone mining is completed or abandoned temporarily. Shale mining 
is worked on the retreat, Approximately G00 tons of rock is mined daily. 


A Ta er ae 


! Mechanical ventilation’ 18’ not: provided, but natural ventilation is 
assisted with two vertical circular shafts, concrete-lined; one shaft is 
14 fect in diameter and the other is 7 feet. Considerable air movement in 
the mine workings is induced by the piston errect of the large trucks moving 
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pixouph the relatively narrow ; Hsilegeways - The air measurements taken in- 
dicate that approximately 20,000 cubic feet of air per minute: is. Pcie 
ting through the working sections: ‘of the mine. 


Portable air compressors OF 350 and 500 ‘oc. fm. saneolce are Seseeis 
by Diesel engines, Drill .jumbos are mounted on Diesel caterpillar tractors 
and are moved from one working place to another as. required. In moving, 
the Diesel tractor. pulls the portable compressor to the new working place, 
and the compressor is léft.a convenient distance from’ the eke) eeneretty 
in a crosscut between = ‘Pillars. a 


Blectric-powered Bhosle, ‘Lowa ‘the bee rock into a5. echt sede 
city, 10-wheel trucks, which transport the rock to the crushing plant, 
The roads are fairly level ‘and. are well-maintained; water is used to allay 
the. dust on the roads,: Three trucks are maa with eee engirtes™ 
and one truck with. a Diesel engine. 


The general mine air along the haulageways and in the aoe tse i 
working places. was sampled with vacuum tubes and by using a supersensitive 
carbon, morioxide. indicator, ‘The concentration ‘of carbon ‘monoxide “wes not 
. Suffistent to be. indicated on the. detector. - The analyses’ of the air san i 


mens are shown. below: aan 
At fade oF TOOM, | 7 
‘electric: paki 


“About 150 feet fron] _ 500, Fine 
-350..c.f.m. portable Portable’ air ’ 


s-, Bee can air compressor operating 
Oxygen eoeervecoroe . — 20.8 > 
Nitrogen eeoeecdves 19. 03 - 
Carbon dioxide .. " 309°" 
Carbon monoxide . Less than “OL, 
.- Og 3 oe att | ' | an 100.00 ° 
Oxides in _ CU pada ees 

gen, parts pe a ee Se Ae i 

Million ..ecee 12 _ ee PE EE ae aS ~ 
Remarks . 


The general mine atmosphere is virtually normal air, and in quality 
it Sppenee: ‘to be better:than is usually found in undere cud mess 


= The use of Diesel=powered portable’ air compressors’ mnaGeaseund: {8 wn- 
usual, but in this case it appears to be sétisfactory, » inasmuch as the -ana- 
lyases. show: that the general mine air in the immediate vicinity of the oper- 
ations is better than is usually found in the air of mine workings. - The. 
use of this equipment could be made safer from possiblé concentrations of 
toxic gases if a portable fan were installed with the unit to insure dis- 
‘Persal of the ‘eee Gases, and to ener et ia ae Leese ae movement in 
~ the: nine, x 3s : 


A Sage 
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The use of gasoline engines underground is considered hazardous by the 
Bureau of Mines; the gasolince-engine exhaust contains much more carbon monox- 
ide than the exhaust from a Diteel engine, cod in addition the fire cs well 
as the explosion hazard of gasoline is much greater then when the less 
floarmable fuel oil is used in Diesel engines. — 


DIESEL LOCOMOTIVES NA RAILROAD TUNDEL | 


The large increase ‘inthe number of railroad-type Diesel locomotives 
used on American railroads has created interest in their safety in some of 
the long mountain tunnels. Upon request, the ned 20 nce madc 8 study 
of conditions found in che weitern roilroad tunnel. 


. ‘The tunnel is 7.79 miles long; it is ee strata: concrete- 
lined, end:48 on aon essentially uniform grede of 1.56 percent, ascending 
from west to east. The cross-sectional area of the tunnel is 314 square 
feet; the east portal is at an altitude of 2, 80 feet and the west portal 
is at 2,240 FOG U mu , | 

“thé Diesel aeeeeies is of conventional desta and consists of four 
units, éach of which contains‘ an engine coupled directly to a 600-volt, 
direct-current, generetor supplying power to the driving wheels of the wit. 
The engines. are. V-type, two-stroke cycle,-having 16 cylinders of 8-1/2-inch 
bore and 10-inch stroke with a piston: displacement of 9,079 cubic inches. 
Each engine develops 1,570 horsepower at a meximuta speed of 800 r.p.n. 
Each unit of. the locomotive is rated normally at 1 350 horsepower , which is. 
understood to represent the power output of the genoreten. The ‘dcamotive 
was 9 feet, 11-1/4 inches wide over all and 15 feet, 1/8 inch ‘in ‘over all 
eee wah the rails. 7 


At the ‘time of the ee ; ‘eight ‘paasunge. or ‘trains were scheduled 
to pass through the tunnel daily, and freight trains averaged 7 per day. 
Freight movements were irreguler, but four pessenger reins aes ae 
the tunnel..each way between midnight.and 4pm: 2... 0 ttt 


Some of the results of this investigation are of interest to users of 
Diesel, mine iocomotives ns Diesel trucks madereround; vaeee: are Suamer tees 
below: ~~ 


1. Trains pessing cual the tunnel created air movement in the same 
direction as trein movement, the velocity of the air thus created being | 
somewhet less than train speed. Under typical operating conditions 7 approx- 
imately 50 ‘percent of the air in the tunnel was forced out of the tunnel 
ahead ‘of ‘the train, and 50 percent of the air slipped back pest the train 
through the apace ‘between the train end tunnel walls , roof, and floor. 


26/ Berger, L. B., and McGuirc, L. H., Observations on the Use of 2 Diesel 
Freight Locomotive Through a Railway Tunnel: Bureeu of Mines Rept. 
of Investigations 3887, 1946, 20 pp. 
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2. Undor typical operating conditions, the Diesel locomotive wus 
found to leave behind it in the tunnel a wake of smoke and gases some 
20,000 feet in length. 


3.. The exhaust gases of the Diesel aia not produce hazardous concen- 
trations of carbon dioxide, and the oxygen content of the tunnel was not 
depleted significantly. The néximim observed concentration of carbon 
monoxide was only slightly above 0.01 percent, the maximun generally con- 
sidered permissible in the air of. working places. Oxides of nitrogen were’ 
found in a considerable area behind . the train in concentrations exceeding — 
25 parts per million (the permissible maximum), which, under conditions of 
mininum air movement, might affect persons at work in the tunnel; this 
applied only to the eastbound or upgrade trains, No significant contami- 
nation of the’ tunnel air by. oxides of nitrogen or other gases was observed 
as a result of pmeerpound or. downgrade piers: 2 


: * #2) 
\ . “4 


4, - Smoke from the Diesel locomotive definitely reduced voibility in 
the tunnel. | . % | re | | | 


De Naturcl eir noes in. the tunnel may be in either direction ; . : 
depending on atmospheric conditions > and under some conditions. there might 
be no naturel air movenent at ell. ees) : 

CALCULATION OF THE MINIMUM AMOUNT OF VENTILATING AIR REQUIRED 
TO OPERATE A DIESEL ENGINE UNDERGROUND a 


"Ventilation rauutveriend ts, ond procedures for safe operation of ‘Diesel 
engines underground in a mine or -tunnel ere of considerable importance end 
shoula be given careful consideration before a Diesel engine is permitted 
to. operate. in mines or tunnels. This is important not only fron a health 
sicndpoint but.also for engine efficiency, as virtually normal air 18 rée-— 
quired for maximur efficiency in tho. performance of a Diesel engine. under- 
ground. a a 


i 


There are two principal methods of sacinene the amount or ventilating 
air required to operate a Diesel engine stifely ool Bs both of these 


nethods are shown in Bureau of Mines publications]l/ ond are discussed 
here, | 


~ 
-- 


- Diesel engines . ‘when in’ good. ‘mechanical condition and operating in 
normal air, give off noxious goses in the exhaust, and the quantities in- 
croase in amount with the brake horsepower of the enging,, At full’ speed 


and maximm load, the tests made py the Bureau‘ of Mines<& 28/. and other sources 
_ Show that the following amounts of noxious oe are Py Canee’ Per brake 
horsepower by a. Diesel engines” ace 


cl/ See footnote 4. 
28/ See footnote 5. 
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: | | Cubic foot 
Carbon dioxide sessesccccsccesevnes O.267 ” 
Carbon MCnNOXide eceseceseccesesess 0.000592 
Oxides of nitrogen ceeervecccerecee 0.Q01512 


Upon this basis, it has been determinea®8/ thet approximetely 75 cubic feet 
of air per minute per brake horsepower is required for each Diesel engine 
operating underground; this is the minimum requirement ond-is in addition 
to the normal ventilation supplied to the working place if Diesel cngines 
are not used; additional volumes of air ure required to dilute. the aldehydes 
to prevent undue occurrence oe undesirable eee harmless odors. 


— studies made of Bisse ene waar: anes conditions and frox 
analyses of the exhaust gas it has been observed that the maximum volumes 
of noxious: gases are found in tho Diesel exhaust when the engine 1s work- 
ing under mexinum load at full speed. The percentage of the constituent 
gases in the exhaust may fluctuate higher or lower when the engine is oper- 
ating at less than this maximum condition, but the volume of the gas pro- 
duced. is greatest when the engine is operating under maximum load at full 
speed. The volume of noxious gases evolved ‘by the engine can be calculeted 
from analyses of the exhaust gas, and the maximum amount of these ga ses 
considered tolerable for a wore environment has pee established at 
least tentatively. fiGedle os A | . 

Through data collected and spaceqaticds made on Diesel locomotives 
working underground, Bureau of Mines engineers developed. € method of deter- 
mining the an agount of ventilating air required in operating a Diesel engine 
underground,© using as ae basis the analysis of the. exhaust gas. end the 
meximam concentration of noxious gases considered safe for a working en- 
vironment. The quantity of oi thet should be supplied to ‘dilute a parti- 
cular constituent of the exhaust gas can be, approxinated by substituting 

in the following empirical formula: 


"gg 100 Vmax 


in which Q = volume of normal air speeuine’ for Penei1et len. cubic feet per 
minute. 


Vmax = maximum volume of the oneeioulae const vaca under consider: 
ae ation, cubic feet per mimite. 
y= maximum permissible concentration oF the eaeieuiae: soneetiacat 
under Poe eee expressed in Percent ee vores 


The eneineere that developed the formila. siecest: that: che) imaging: 
tity of each constituent of the exhaust gas produced per unit of time be 
used in calculating veritilating-cair requirements..In practice this is daiffi- 
cult to ee as analyses of exhaust gas under verious conditions esas 


: 
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are not made prior to installation of the unit, and manufactur ers of the 
equipment do not publish such information, = = 

The exhaust of a Diesel. engine is. a mixed gas ? ‘and the constituents 
that are considered harmful. to, health are. carbon dioxide, carbon monoxide, 
to dilute and carry away all of these. In addition, there are nontoxic 
gases called aldehydes with odors that.are irritating to some people. The 
formla as related to the toxic constituents of the exhaust becomes: 


Carbon Carbon Oxides of 
dioxide monoxide © nitrogen 

Minimm quantity of ventilating air, : | . 
cubic feet per minute = oe ; eae : ee 


In addition to the minimum, as obtained from the formula, enough air must 
be supplied to dilute the odors from the aldehydes and to maintain a suf- 
ficlent amount of oxygen in the general atmosphere. | 


The following analyses of exhaust gas from a Diesel engine working in 
an American mine are selected as representative. Case 1 shows the analysis 
of the exhaust when the engine is working under the maximum load at this 
mine, and case 2 shows the analysis when the engine is working but is not 
under maximum load. 


Enginc specifications 
Cylinders CWC 66 BEES OSs bees 6 
-Cylinder bore, inches °.’......... 4-1/4 
Piston stroke, inches ....e..e.. DF 
Piston displacement, ore? 


Cubic inches ..ccscoscccccsee 4E5.3 
Maximum rated horsepower ....... 165 at 2,000 r.p.m. 


Method 1 
Maxim brake horsepower - 165, 


7) cubic feet of ventilating air per minute per pais horsepower 
Minimim Ventilating air required = 165 x 75 = 12,375 cubic feet per minute. 


Method 2 
mbalyees of Diesel -cngine exnaust 
C ‘Case 1 1: Case @ 2 
ondition ......., Hauling out loaded trip, Hauling in empty trip, 
| 21 cars . _@)1 cars 
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Analysis, percént by -volume:. ’ 


eee: eon ee 13.04 13.66 
Carbon’ dioxide ws eee ec ee eee ceeeeneceecaeeees Shia Bie 
Carbon, OTIC HOY vs 1a. d era wla os ccwtav or sid eo eine ne oacwete 8 0.09 0.05 
ac | cn aee eh shina aan tataaaea a 10,03. Se ag ak 
a 20.96 80.99 
= 100.00 100,00 
Oxides of nitrogen; “pasts pes ton Seeees 1295 © © 250" 
Total. paston or eee ai is’ 425.3 3 cubic inches 
Re P- >the “ts 2, 0CO. - 
voi oa axhause ae cubic. foot per, eamiee: = tN = 493 ‘cubic fect, 
pics pe 


Casc lL: 
When the locom:tive was ee at maxim Loed 7 


Volume of carbon dioxide preduccd por micaute: = = 493. x 0. 6583. 
26.968 = 29 cu. ft =e 
Volume of carbon monexide be per minute = 493 x ia ee 
O4h57 = O.Kk cu. ft.” 
Volume cof oxides of nitrogen produced 1 per minvte Bs 495, x 0. 000295 = 
O.L4543 = 0.145 CU. ft. | | et 
Tho maxirum permissible sonsentee tien. of noxiour BA8 in a working en- 
vironment, @s snewn in Pee ee, _iseued by the Bureau of Minés, is: 


* ay oem eo 


Percent. ‘Parts per million 
Caroon dioxide ...... "1.O+---+:. 10,000 
Cavton econ ones O20L- a8 35, “Fe 200 
Substituting in aceania Laos 
Carbon Carbcn Oxides of 
dioxide monoxide nitrogen 
Minimm quantity cf ven- 
tilating. air, cubic a 
foot per minute w LOC x 29 4 100 x OK 4 100 x 0.15 
a 10 = FOO 2 10,0025 
= --2,900 4 4 00 + 5,200 


= 15,100 cubic fect cf air per minute. 


+ hermes 


hae noticeable that the er as computed undcr method 1 (12,375 
cu. Pt, per minute) approximetce feirly closcly the result obtained from 
method 2 (13,100 cu. ft. per miniite) whon the lccometive was working under 
full load. 
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case 2: 
exigent 


When the locomotive was working but not under maximum load - 


-- Volume of carbon dioxide produced per minute = 493 x 0.0524 «= 

e5.7 cu. ft... | | a 2 

Volume of carbon monoxide produced per minute = 495 x 0.0003 = 
0.1479 = 0.148 cu ft. : | 


Volume of oxides cf nitrogen produced per minute = 493 x 0.000257 = 
0.1267 b=) 0.127 Cu. Tt; 


Carbon Carbon Oxides: ‘of 


dioxide monoxide nitrogen 


Minimum quentity of 
ventilating air, = . = 
cudic feot per. 100 x 0.127 : 


| _ 100 x 25.7 , 100x 0.148 , 
aeuie agg Od 0.0025 
= . 2,570 “+. 1,480 + 5,08. 


9,130 cubic feet of air per minute. 


The result (9,130. cubic feet of air per minute) obtained from method 
e, when the locomotive was not working under full load, indicates that if 
the quantity of air necessary for full-load operation is supplied .(13,100 . 
cu. ft. per minute), there would be a fair factor of safcty for conditions 
cf part-load operation, re ee eee ae ‘ oon a 


Case 2 illustrates the desirability of selecting analyses of thé ex-. 
haust gas-when. the engine ig working under the maximum load it will be re- 
quired to handle under actual working conditions, as the maximm volumes. 
of noxious gases are produced when the cngine is working under maximum load 
at full speed, and it is nocessary to supply enough air to safeguard tho — 
working atmosphere under the most unfavorable condition of operation. 


Blasting in a ming’ produces carbon dioxidc, carbon monoxide, and gen- 
crally some oxides of nitrogen: allowance should be made'for these variablos 
whon calculating the ventilating requirements bofore installing any Diesel 
equipmont undergroynd. The formula for the minimum requirement of venti- 
lating air when operating’ a Diesel” engine undcrground is basod upon normal 
air, which is seldom found in a mine. The calculated minimm quantity of 
ventilating air required. should be increased to allow for these variables 
~) Well as for the aldchydes and the relatively. slight amount of oxygen 
consumed by the Diesel operation. we eS | 


-... “iP in the place where a Diesel engine is operating should be anelyzed 
ve vecntly. It is particularly important that this be done immediately 

. ter Dicsel equipment has buen’ installod, as it will provide information 
a8 to the quantity of air required to avoid. troublo. a 
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MINING LAWS RELATIVE TO TEE USE OF INTERNAL-COMBUSTICN ENGINES UNDERGROUND 


The mining .laws and regulations of some States prohibit the use cf in- 
ternal-combustion enginca in undergrcund mines; other Statcs permit their 
use, provided pormissicn to install thom is first-obtained from the Depxt- 
ment of Mines. ‘This applics to both cc91 and nonccal Mines. 


Bueee it Hincs nfo rmeish Circular: (555, Inspection Star.dards For 
Bituminous-Ccal and Lignite Mines (revised July 1949); states: 


"B35 - Nonpermirs ible intcrnel-combuation bac nee should not be uscd 
und ee 


“The awe and eeciis the prohibiting the use of intcrnal-combusticn 
cngincs underground are intended primerily to prevont the use of gasoline 
cngine-powered mince lecometives and other equipment. Miuny of these laws 
and regulations wore in.cffect before the Diescl engine was porfccted to 
its prosent stage of sefety end efficicncy and was fairly generally adoptcd 
for haulage purposes in foreign ccuntries. At presont in England, Dicsel 
locomotives may not be uscd Unsere Oune without permission from the Minis- 
try of Minos. e “2 

Although the Buroau cf.Mincs:iseucd its tusting scnedule for Dicsel 
locomotives for use in grassy or dusty coal mincs in the fall, of 1944, no 
Dicsel mine locomotives were submittca to the Burceu- for test for permicsi- 
.. bility: up to.February, 1947. ° Hence, it: is very important thet competent 
euthoritics, such us the State Mince Inspection Department or the Bureau cf 
Mines, review the plan for each installation of a Dicecl locomotive under- 
‘ground before it is actually pleced in sorvice,.: This is. mecessaary to in- 

- gsurco adequate ventilation in metal and-‘coal mines as well a@s to insure 
egainst possible gas ignition in. coal mines, and it should ia one even though 
the available locomotives aro permissible. a ae: 


It is believed that in tho future. Bt eee eseees mino Jlocomoti ves that 
can be rated "permissible" by the Burcau of Mines will be manufactured in 
the United States, similar to thoso now pera in oo that possess 
the Buxton certificate. 


HAZARDS OF TROLLEY LOCOMOTIVES IN COAL MINES COMPARED. WITH 
; THOSE OF DIESEL MINE LOCOMOTIVES ' | 


For meny years the Un ieee etatcs Bureau of Mines teok’a firm stand 
against the uso of internal-ccombustion engines. in underground workings, 
and ecvcral of the States enacted lawe,-which sre still in‘effect, prchibit- 
ing such usc... This opposition resulted from the fact that many lives were 
‘Lost through fircs, oxplosions, and euffocations when internal-combustion 
engines were uscd undorground in connection with the operation of loccmotive:; 
trucks, air compressors, pulps, hoists, etc., using gascline-driven engincs. 
With tho advent of the use of Dicscl cngines in Europcan mines in the 1920- 
1930 decade, the Bureau of Mincs kcpt fairly close watch of progress in the 
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use of Diosei equipment underground. The Bureau became acutely aware, also, 
of the increasing hazards of the trolley locométive system in‘tho mines of 
tho United States, @s shown ty the fast Growing numbor of casueltics due. to 
the trolley systom, and in 1932 it defined its attitudo toward tho uso of 
Diescl equipment for haulago in mines in tho United States in Mine Safety 
Board Decision: No. | 19, issuod in 1932, which is as follows: 


Deciston 19, internal-cor bustion engines for ming haulsge 
‘ (approved Jan. . 20; 1932): 


In the - jatercat of eaf oty ; tho United Statcs Burecu of Mincs 
. Tocomnends - thats | | 


pare i. eee sonbusbien saoiiee ‘should not be usod in: any 
parts of mines and also should not be used in tunnels under’ con- 
struction because cr the eZee, of oo monoxtee, in the exhaust 
g-808, OXcc opt 3 


as fa) When the: ele current is more than: 1060 linear” foot per i 
‘. + minute ‘and’ the toxic gases are: alway 8 less’ than oF 02 
* .' portent in the air current. — : 
(b) When the percentage of inflammable gas in the ‘air ie 
_ “s ront.is lese than 0.25 percent and (or) inflammeblo ~ 
gas cannot be dotected: = ony placo: by a. ieee 
flame sefety lamp. | 


e. Gasoline or other highly inflammable liquids should not _ 
be used for engine fuel in mines and in tunnels pred constrictich 
because of the hazard of their transportation and. us oo 


Decision: 19 was publi shod in Paeale of Minos: Information Circular. E96 ae 
(tesuod din June 1937), entitled "Rocommendations of the Unitcd States Burcay 
of Mincs on Certain Questions of Safety as of October ay 1936," "in ‘which: the’ 
“ollowing comment occurs: 


’ - . 


Diosel Mine Locamotives rh 


Although in mino and tunnel haulage it is safer to employ — 
"Dorm ssible" storagce-battory ‘locomotives, if the: ventilation | 
Toquir-ements are mct- dnd other precautions cro takon it ‘appears, 
from recent European cxperience, to be safe to employ approved | 
tyPes cr Diescl locomotives that use a heavy, nenvolatilse fuel | 
Cll, Sive off practically nce carbon monoxide in their exhaust, | 
and have spark- and flame-crresting devices both in their air 
intake and thoir exhaust systems.€9/ © Such locomotives have = - 
Doon “pproved by the German, Fronch, and’ Belgian officidl sta- 7 
ions for: ‘use in eaesy er None, ia “have as Ae an 


’ ease a and Harris, !, i, Dicscl Mine Toconc toe ~ Devclop- 
Ment -and:Use in European. Céal Mines: Bureau of Mines Rept; of In- 
vestigations 3320, 1936, 52 pp. ar a 
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(October 1, 1936) been submitted to the United States Burcau 
Of Mines for testing for permissibility, and none have been | 
uses in vee meus in the United States ac fer as.known. 


“The: above was the official announcement of the fide chat the Uni ne 
Statcs Bureau of Mines favored the use of suitably designed Diesel locomo- 
tives for underground haulage in mines and tunnels. This chango in the 
stand of the Bureau es to the use of internal-combustioh engines undcrgrown, 
insofar as suitably designed Diesel locomotives are concerned, was brought 
about largely by the ever growing number cf fatalities caused by the trolley 
haulege system in-the mines of the United States plus the fact that avail- 
ablo data from Europe indicated the relatively sefe and cfficiont use of 
Diosel locomotives in Continental muon ees mae? [eee those having 
sericus gas and dust hazards. . 


iestiew Standar ds for Bi eumiaeus Coe and Lignite Minos (rovisea 
July 1915), issued by the Burcau of Mines as Information Circular 7333, 
has the following under Hiulage Equipmont: "Nonpermissible internel-combus- 
tion engincs should not be used underground," indicating that permissible 
intcrnal-combustion engines are accoptablo, The Buresu of Mincs, in Sep- 
tembor 1944, issued Schedule 22, entitled "Procedm-e for Testing Diescl 
Mino Locomotives for: Pormissibility , and Recommend:tions on the Use of 
Diosel Locomotives Underground;* however, up to February 1, 1947, no Dicsel 
locomotive has been offered to the Bureau cof Mines for test and permissi- 
bility approval. 


However, it is known that Diesel locomotives uscd in underground mines, 
like all kinds of equipment placed in mines,..also bring their own hazards, 
which were not present before they were installed. The chief additional 
hazard in the operation of Diesel engines undergrounc, however, is tho npre- 
sence: of toxic gasos in the exhaust; these can be controlled and. virtually 
eliminated by: using suitably ‘constructed and woll-miintained Diesel loco-. 
motives’ and by providing adequate. ventilation. -On the other hand, the - 
trolley-locomotive system has numerous inhorent heazords that are not sus- 
ceptible of control. 


In order to indicate, at loast in part, why tho Bureau of Mines 
approves the use of Dicsol locomotives rather than the trolicy haulage sys- 
ten, some oe the hazards of ‘the trolley eyeten are nunerated below: .: 


Le. Contect of persons with parc trolley eo 

2. Contact of bare trolley wirc with minc agenss tinbering, 
roof, ribs, and curtains (fire hazard). 

3. Arcs or sparks from poor or broken. bonding, pa joints, 
or broken rails igniting coal or gas or timber tics. 

4, Arcs or sparks from trolley whoel,. harp, or shoe igniting 
combustible material such as brattice cloth, wood, gas, 

. (ar dust. : 

5. Arcs or sparks from locomotive controller’ or .motor agplyes 

- ing gas or dust:  * o 
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6. Arcs or sparks from locomotive wheels on poorly bonded 
track. , oH Slt Adi 

7. Falls of roof, bringing down trolley wire and touching 
cars or rail, igniting coal or gas... ee 

8. Wrecked or derailed cars, causing coal dust to be throm _ 
into suepension and ignited. by arcs from the fallen - 
trolley. wire, a ar re or 

9. Explosions of Cardox shells, explosives, etc., through 
short circyits on trolley haulage trips or cars. . 

10, Stray currents from poorly installed trolley system 

‘. . causing premature detonation of electrically fired 

_ oxplosives. 30 a SO Pa 


The relatively large Bupe of electrical contact accidents in coal 
mines 1s shown in table 6,2 ee * | 7 7 | 


TABLE 6, - Electrical contact accidents in coal mines, 1929-2 | 


ee Anthracite 
_Fatalities | Nonfatalities 
Trolley! — 
wires 

ee ¥ ‘ ee ies none and All 

=. elec. [1 locomo-| elec. 
i Year causes| tives |causes| tives | causes 
ea Cr eecens 1,237; 5 B 1.26 336 
1930 910 3 | --7B | 253 
ie eee Sele 651 3 5 | .59 | 202 
195, COC Cov es | 652 5 7 68 : 174 
1935 Pe ececes 589 1 3 . ee 151 
ie 601 2 |. .49 4 169 
193 Coccce wes : 587 3 8. 25 e 130 
Teg Tetee es 754 1 ho} 3n3 |. 288 
1939 Pereeee 540]. 2 | 2 72 151 
CF i. — 57kt 1 2 | ..50 e211 
1944 Ter eeee _ ; 756 aes | 7 ; 49 153 
igys Nt 739 5 5 . 56 . Oh 
Peeeeeee : 5 931} ._.2 6 | --4i 141 
aia. Pe B7 9,521 | - 36 aE IS 


@ 


ie ee 6 Andicates that for the. period 1930-2, incJusive, 423 fatali- 
cent) . to contact with electricity out of a total of 615 (nearly 70 per- 
Tolley fend bituminous coal mines of the Uriited:States were caused by the 
trical ee system, and 32 out of 62 (nearly 50 percent) of the elec- 
system, ntact fatalities in anthracite coal mines. were caused by the trolley 


7 <« 


if , : ae 
“trington » D., and Warncke, R. G., Hazards of the Trolley-Locomotive 


| Haulage System in Coal Mines: -Bureau of Mines Inf.. Circ. 7328, 
19), . | 
3, 38 pp... - 4 | oo, & # ae 
16 a 
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Fire is an ever-present hazard in a‘coal mine and is especially danger- 
ous to handle because of tne possibility of an explosion. The combustible 
nature of coal and of the materials used for extracting coal, such as tinber, 
explosives, and other flemmable substances, as well as the constantly in- 
creasing use of electrical equipment with its ever-present sources of ignition, 
tend to make fire a constant threat in’ ull coal-mine operations. Relatively 
few fires are called to the attention of the outside world, for, unlike mine 
explosions, which generally.cause loss of life, fires usually result in few 
fatalities, elthough they always precent the possibility of a disaster, and 
generally the dollars and cents cost is.high. One of the most prolific ' 
causes of mine fires is the trolléy locomotive system, with -vs numerous 
capabilities for starting fires. 


Statistics relative to coal-mine fires csused by trolley wire or 
trolley locomotive from 1930 to 1944 sre given in table.7. | 


TABLE 7. - Coal-mine fires caused by trolley wire or locomotives, 
nc = EG30=UU 5 compari sbris’ ‘with ‘total electrical | 


“causes and totel of" Of dl l"eauses iiasaia 


ONE Tost Total” electrical 


| 8 even _ causes... . Total all causes 
Year atALiti es j No, | Fatelities 
1930 we6e| 5 3 cs Ce tae ol eee 
1951L wooo] 2 6 “7 [i oO. oe | 7 7 
1952- weve} Ov fere  O as ie t- ee Soe tpt ae 
1933 eeoet lL! 0 ap Ne os 20 S6:3, 2 
1934 2...) 1 0 ede PD 0 218 | De ae anet 
1935 aces} 2 | ‘0 dy t ool | 17: da 
1936 ssoe} 3 O CAs nt _—! TS scbentnters 
E A957 see 2 1/9 5 | 9 | 45 i 
1038: 4400) 2 4 0 : 6 | 1 | 2ol- &. 
1949 «eee | 1. | 0 | - 7. | nu } 15 | O sauiands 
ed 0 oe 2 ea Be vrs adintel 
TOW ont a 1 7 | 2 | 33 | D pannet 
Whe we0e! 3 | = 9 | 4 | 26) 2a s 
1943 Sceell 5 eee , a ee] 13 23 ee SED sec ducabarte 
1944 eeoc5e oe e co > 2 | an ay ° i ‘ Pi wn hice Bee. “Sa 
Total. :-|- 30-0 § --7 Cats fe : mi a8 
-Y mien overcome witn carbon: nenoras we attempting to seal | 


. the fire. . 2 
e/ 16 men killed by éxplosion whi te Fighting fire. 


TroLley- -locometive systems caused 30 Sonliaiac fires out of & totel 
from all causes of 278 during the period 1930-1944, ‘or 10.8 percent of the 
total. ‘Fatalities attributable to the trolley-locomotive systems were 48, | 
or 41.7 percent of the total of 115 during the same period. 


Two major accidents, one”in which 9 mén wera overcome with carbon — 
monoxide in 1937 and another in which 2c men were killed by-an explosion in 
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1944, serve to emphasize the ever-present danger to the men engaged in com- 
bating mine fires. 


The coal-mining industry recognizes the danger of explosions in mines 
caused by gas or coal dust, but frequently the possible causes of explosions 
are overlooked in the nacessity for producing larger tonnages of coal, es- 
pecially during rush seasons or in emergencies such as the recent war. 

Many people do not realize that the trolley-locomotive system was the cause 
of 13.5 percent of coal-mine explosions in the United States fram 1930 to 
194, inclusive. Table 8 gives these statistics by years. 


_ TABLE 8, - Ex losions caused’ by trolley wires and locomotives 19 0-44 ; 


 Seaparisors with total electrical causes. 
.and total of all causes ~ . 


Trolley-1oe a Total ; “alL causes 


Total electrical — 


System ¥ of explosions | 
ae Number. [Fatalities Fatalities 

ceteces & "oe “3 ™ 199 : 
AOS elvgen eg | 3. | eu 
IODC: eibicinss 2 87 
89D) weiewcars yo 122 
Bt, ere a 28 
1935 Peeepee ; 9, — . 54 
BODO cedcues 2 38 
1ST wecicwne 5 . 62 
19S. Sewawoa\- 2 170 
1939 6... oe 3 “16 
1940 .......] 0 206 
i) en 4 163 
19he eS wee ) 152 
BHD bie ei ie 1 152 
1944 *“@eecsec ok 
. eos L 50 


One cause for. the large number of Diesel locomotives ‘used in Europe and 

Buln is restrictive legislation that prevents the use of electricity in 
"Teround gassy ¢oal mines; compressed air-operated machinery, such as 

ioiressed~air’ locomotives and shaker conveyors with compressed-~air motors, 
thie oly used. ‘With the improvement of the Diesel engine. in recent years, 
pres ype of haulage unit is replacing the slower and more restricted com- 
- tliat locomotives. The increese in number.of mine locomotives used 
“rground in some European countries. has been entirely in the Diesel- 
ed types; the number of. electric-type locomotives remained substantially 
fevor ip “Mining officials in Continental Europe. have ptetedeL that they 
fearfyy © use of Diesel engines over trolley locomotives because they. are 
Cord gh of explosions. end fircs. with use of trolley locomotives. The re- 
Berg ats in table 3 appears to bear out their convictions as to the den- 

erent in the trolley ee when used in coal mines, 


1 
See ? oOtnote 19. 
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Statistics are not availsble covering accidents, mine fires, and explo- 
sions in European mines caused by Diesel mine locomotives, but so far as can 
be ascertained, the Diesel mine locanctive has caused few if any mine fires 
or explosions; moreover, it is net mown to have been responsible for any 

fate eccidents from toxic gases in the exhoust. On the other hend,. care- 
. ful analysis of tables 6, 7, and.8 shows that in the 15-year. period 1930 to 
- 1944, inclusive, 428 persons were killed in the mines ‘of the United: Stetes 
by contact with electricity in trolloy wires end Locomotives. re 43 were killed 
' by fires caused by the trolley locomotive system, and’ 307 were killed by ex- 
Plosicns caused by ‘trolley wires end Locomotives 28 total of 763, or ubcut 


. “the scoal. mines of the United States. " Notuithstondine the numorous produc- 


tion advantages of: the trolley. system, it is evident that in tho taking of 
50 or more lives every yebx for the past._15 years by the-trolley system, 

_ the mining people of. the United States are paying far too high 2 price for 
. «the productive. efviciency afforded by the - ‘trolley.system. Moreover, there 


48s every -reason ta belteve that well-designed, -construsted, and maintained 


Diesel. Locoriotives; in adidition to being much sefer than trolley locomotives, 


are much more flexible and efficient then the electric-trolley system and 
are even more dependsblu &3 to continul ty of operation and production. 


CAN DIESEL LOCOMOTIVES BE ‘USED WITi REASONABLE SAFETY IN AMERTCAN. MINES? 


eee heh & @ 


20 eo 8 ee 8 


are no nee in en expoririental, stuge in England and Coritfiéntal Europe. 

The considerable number of this type of Locomotive in service - in underground 
ces are’ eileecsstul tn. this epee and studies by the Bureau of gee 
end a limited amount of actual expex rience. in operation of Diescl locomotives 


er e 4 ¢ 


. The. coal mines - of Burge” are: worked ai feerent ly than most Americen 

oe but. the hazards attending the usw of Diesel locomotives underground 

are Similar, owing to the occurrence:of explosive gas cnd coal dust; how- 

. @ver, all mines, both coal and nencoal, hcve the necessity of providing 

| adoquate air currents to dilute ond. carry away the exheust .gi8 of the Diesel 
equipment so ‘iit cen be. used: safely, es.well as without injury to heelt uh, 

.° this: requirement merely stint the fact oe all mines Should be ade- 

es ene Veet peed: 

. The eucépean practice of using Dieeel: wane isoameieee for mnin-line 

heuiage end for gathering purposes. uttests that: this equipment is reasonably 

'safe-for use in gassy mines. if: ventilation is- sufficient to meet the stend- 

_ ards fixed for the maximum safe methene content of the mine air and the 

maximum allowable limit of toxic gases is not: exceeded. The use of Diesel 

‘equipment ‘in American ‘underground mines ig too limited to. be of value in 

., forming conclusions, except tuat it .is certain thet heolth hazards from 

toxic gases. are readily controlled and eleo that. the. Diesel almost inveri- 

ably removes many. of the hezerds of electrically operated equipment of cer- 

tain types. 
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Diesel equipment used underground mst be kept in good repair at all 
‘times; this is a “must,", if trouble is to be avoided. The safety devices 
on Diesel locomotives, such as the exhsust-gas conditioner and flame arresters, 
must be kept in good working order and must be used at all times when the 
Diesel equipment is operated underground; the ventilating air currents must 
be strong enough to keep tho amount of toxic gases in the general mine air 
below the maximum limits regarded as safe for a working environment. If. 
these conditions are kept in effect, the Diesel mine locomotive can be uséd 
with reasoneble safety (and unquestionably with greater safety than trolley 
electric locomotives), and there is good reason to believe th&t ultimate. 
haulage costs with Diesels will be lower and efficiency higher. than with | 
the trolley system. ae nS a gee - : : 


SUMMARY AND GONCLUSION . 


The Diesel+powered mine locomotives used.in underground European mines 
have been developed to a high degree of efficiency and safety for that ser- 
Vice; approximately 1,300 Diesel mine locomotives are reported to be in use 
_4n European underground mincs es of January 1, 1947. — oe 


The exhaust-gas conditioners, or scrubbers, cbsorb much of the aldehydes 
énd oxides of nitrogen present in the exhaust gas of the Diesel engine and cool 
the exhaust ges to below the ignition. temperature of any-methane ar dense 
dust clouds that may be present in the air in which Diesel equipment is used 
in underground coal mines ae we . iy 


The flame ‘arresters placed on the air intake and exhaust of Diesel en- 
Gines effectually prevent the ignition of explosive atmospheres. in-case of 
a1 engine backfire or from incendescent material carried by the exhaust gas. 

¥ arresters are so deSigned thet they can be changed quickly and easily 
a énd of a shift and ‘are of the type that can be cleaned with little 

Ce : ‘ ; a4 
The Diesel mine locomotives used in the British Isles are required to 
&8 Buxton certificate, which is the British equivalent of the Bureau of 
Permissibility requirements described in Schedule 22.'. 


have 
Mines 


Some of the Diesel-mine locomotives used in British, Frénch,-Belgian, 

ie Holland coal mines are heavier ond more powerful then any of the few 

* sed im American mines. The heavier locomotives are uséd for-main-line 
Ulage, and the smaller types ere used for gathering purposes. 


Mee Pour Diesel mine locomotives are used in underground mines in the 
“ States, so far as now known, as of February 1, 1947; two-are used in 

thong Mines and two in nonmetallic mines. Adverse mining lews and regula- 

used eas the.leck of knowledge as to how Diesel mine locamotives can be 

knert *rground with reasonable safety have prevented their adoption in 

. “an nines, : a —_ | 7 te fe 


« 


166), 
- 65 - 


Google 


I. C. 7406 

“1 The use of Diesel-powered cguipmont in underground mines is samewhat 
common in the Central States: Diesel trucks, shovels, ceterpillar tractors 
ana loeders , end Diesel-powered’ portable compressors are uséd puccesesa 


in underground ae ne ent -and feed-2sne mines: of that area. a 


| Ventilating air’ eiaeadtae capable of diluting ond ee away per 
haust gases from Diesel equipment are the moet important. requirement when 
‘suitably desigied Diesel equipment is used underground. The ventilating eir 
currents should be induced mechanically so es to insury positive ventilation 
“at all times. This is not done in meny cases, purticularly.in the Central 
“States in some of the large underground limestone mines; these mines hnve 
meny openings, end the mine workings have large cross-sectional area, end 
mechanical ventiletion, such as’ used in coal mires, is. not practical...In 
some instances, air movement in the working environments is induced by or- 
dinery disk-type fens, which create loccl eir currents; the pistonlike 
effect or the large trucks moving in:the relatively narrow end high haulege- 
ways can cause fairly strong air eel 4 cola ian if sure e measures 
are taken: to eoutney ee - a oe eine a ae 


The baravas wieeendiad: ‘the use ‘of Scclidy esenceiys eects ie: uncer 
ground mines, most of which oun bo avoided by the use of Diesel locamotives, 
include: 
1.° Contact oe persons seh wens Pe wires: re | 
2. Contact of bare trolley wire with mine mbar tinbering, roof, 
'- yibs, and curtains (fire. hesard).- ae 
4. Arcs or sparks from poor or broken ponding’ bad Noante: -or 

_ proken reils igniting coal or gas or timber ties. 
4, Arcs orsparkés from trolley wheel, herp, or. shoe igniting 
i combustible: material ‘such as. ‘brattice eee wood, (BAS, Or 


dust... Oe Pe ee 
yrs Arce: or sparks” from. Locomotive. controller or motor. igniting poe 
Se ae ge. sor dust.’ ba eee ep ga: “Fhe au : ce 


6. Arcs or sparks ici icecactive wndeia on ee bonded ckee 
7. Falls of roof bringing down hart wire and bouchne cars or 
. rail, igniting coal or gas. 
8. :-Wrocked: or derailed. cars easing eon aust to be haGanednte’. 
Buspension and ignited by arcs from the follen trolley: wire... 
9+ Explosions of Cardox shells, explosives, etc., through short 
ae. - @trouits. on trolley haulage trips or cars. .. 
* 10. Stroy currents. from poorly installed trolley system Gansine 
“1.7 0 Y premature detonation of slectrically fired a a aa even in 
relatively’ renote parts of a mine. - | . 


| ‘The accident statistics compiled ‘by the Burvau of Mines indicate the ne- 
cussity of combating this cause of fatalities. . In the 15-year period, 

; 1950-44 , inclusive, 428 persons -were killed in. the coal mines of the United 

States by contact with-clectricity in trolley wires end locomotives, 48 

persons were killed by fires caused by the trolluy-locomotive system, and 

307 were killed by explosions caused by trolley wires end.locomotives,. : An 
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average of 5e persons a year heve been killed in the coal mines of the 
United States during the past 15 years because of the use of the trolley- 
locmotive system. 


.- Diesel mine locomotives and other Diegel equipment can be used in © 
underground mines with reasonable safety if proper precautions are taken. 
In many instances, probably in most, Diesel mine locomotives are believed 
' to be safer in underground coal. and noncoal mines then electric trolley-type 
locomotives,’ because the hazerds introduced by the trolley system ere great- 
er ond more numerous than thoge caused by the Diesel engine. Few; if any, 
fatelities have occurred in the underground wines of aa ae that cen be 
etirabares directly to the. Diesel soe mnoet Ye: oe a 


* The advontages of using piaaL iets an qndereround mines, con- 
pared with trolley-lLocomotive systems, are many, not only from a safety 
standpoint but also in over-cll operating economy. The Diesel mine loco- 
motive obviates the necessity of: extending trolley. lines into new workings P 
miintaining existing trolley lines, bonding rails, and guarding trolley 
lines so that persons will not come in contact with the wire, end eliminates 
the trolley wire-contact hazerd in established mines. Mine cars can be re- 
relled without fcar of coming into contact with the trolley wire. The Die- 
Sel mine locomotive is.much more flexible in. underground haulage than 
‘trolley-loconotive systems, and in new mines if the houlege systen is 
‘quipped with Diesels costs will be Low er. 


Many cool minés now use Giceee Gucrens Misa eis for the 5 eis 
locanoti ve systen. The use of Diesel mine locomotives underground would 

ate the need for any direct-current electricity. in ‘the mine and would 
renove the hazards that attend its opplicetion: underground.. 


The principel disadvantages. of e Digsel locomotive.are that mines 
soe them must be ventilated correctly » as Diesel engines: require wir- 
‘ually horne) eir to work efficiently and safely... Correst ventilation’ of 

‘mine cun hardly be classed cs a gaara K. peas it ia a ae Zeya ts 
"When Anericen henufecturers aoyelop Diesel. enemies for eis ‘end effi- 
Clent widerground use, this type of power unit probably will have applica- 
“ons in Mminy cool, metal, cond nonmetallic mines... Many. State officials 
ind officials of poth son and noncoal mines .are 'keenly- interested in the 
hes use of Diesél oquipment in mines, but they are unwilling to neke 
‘ instel lation until Diesel engines that .are mow a Bee safe oe under 
eround use ere, nade available by manufecturers. : | 
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APPENDIX A 


PROCEDURE FOR TESTING DIESEL MINE LOCOMOTIVES FOR PERMISSIBILITY 
(FROM BUREAU OF MINS SCHEDULE 22) 


TYPE OF ENGINE ‘cox STOERED FOR sh ie 
only locomotives squtpney’ with ee of the compression-ignition: type 


will be considered for approval. Such engines shall be designed to operate 
only on liguid fuel of. flash point not-less than 150°F. The starting me- 


--. ¢hanism shall consist of an explosion-proof electric motor or other device 


considered safe; engines using gasoline or other volatile fucl for starting 
will not be considvred. 


FUEL INJECTION 


The Sci iaseeiea system of the engine shall: be so constructed that 
the mechanism controlling maximum fuel injection may be fixed definitely, 
permitting adjustment only by breaking a seal on a& locked compartment, or 
_ by altering design... Provision shall be meade -in'the fuel-injection system 
to permit suitable adjustment, in maximum’ fuel injection, for neine, oper- 
ation at different barometric -prcessures. 


ea a citaiateh a amulet 


eds eroeticn of Engine tmtaKe eyetur 


_.. ; The intake system of the. engine (exclusive of the air cleaner) shall te 
of. such. construction that it will withstand internal pressure of 125 pounds 

per square inch, or such internal pressures es may be developed within it 

_ dn explosion tests with gas-air mixtures, whichever is. the greater, All 

- joints.in' the intake system shall be formed by tlanged metal-to-metal ‘can- 

tacts designed in accordance with requirements for other types of explosion- 

proof equipment as outlined in me section of this hanpouas Se "Joints 

and Machining Tolerances." | : 


ieaKe Flame Arrestor 


The inteke. on of the sauna shall - osutpped with a fieme arrester 
to prevent propagation of flame from the system to.a surrounding inflammable 
atmosphere. The flame arrester shall be so designed and attached to the in- 
take system that it may be removed readily for inspection, repair, replace- 
ment or cleaning. The flame orrester shall pe sc constructed that it may 
be cleaned readily. The fleme arrester shall be of sufficiently rugged con- 
struction to withstand use in its intended application, and shall be so 
situated in the locomotive assembly that it is protected from damage. 


The component parts of any flame arrester mist be positively positiaed. 
If « flame arrester of the spaced-plete type is usad, the thickness of the 
plates must be at least 0.125 inch; the spece between plates mst be no 
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greater than 0.02 inch; and the width of plates must be at least 1 inch. 
The unsupported length or the plates shall be such that deformation in the 
intended application. shall not. exceed: 0.002 inch. Plates shall be of ma- 
terial not subject to corrosion in the intended application. 


Air shut-off Valve in Engine Intake 


A valve shall be provided in the. engine. inteke. system so that the sup- 
ply of air to the engine may be shut off. .This. valve shall .bs overabls 
fron the driver's compartrient and shall be so arranged that it may be actu- 
eted only when the fuel supply. to. the engine is shut off. 


.. . Air. Cleaner on. Engine Intake... °°: 
An air cleaner of automotive type shall ;bé included in the _engine in- 
texe system. ..The air.cleaner shall.-be situated:4in the intake system so 
that Intake air shall-pass-.through ‘the cleaner before. entering the ,intake 


- flame arrester. The size and design of the air cleaner shall.be such that 
resistance to air flow-will not increase rapidly in dusty atmospheres. - 


‘. ' Attachment of : e'to Engine Intake System ... 0.” 

' A-vacuwm gage shall be ‘attached to .the: engine 4ntake system et:a point 
suitable for. indicating totel. pressure drop through that system. -- The gage 
shall be graduated in inches.of water and shall be .situated in the driver's 

. ENGINE EXHAUST SYSTEM 


Construction of Engine Exhaust System 


The exhaust system of the engine shall be of such construction that it 
wll withatend internal pressures of 125 pounda per square inch or such in- 
teal pressures as may be developed within it in explosion tests with gas- 
dir mixtures » whichever pressure.iis the greater. All joints in the exhaust 
systen shall be formed by flanged metal-to-metal contacts, designed in -. 
accordance with requirements for other types. .of explosion-proof equipment 


a8 outlined in the section of this schedule entitled: "Joints, and. Machining 
Tolerencess ." i se a a 


Exhaust Flame Arrester 
‘ The exhaust system of the. engine.shall be provided with a flame arrester 
oe Propagation or egress of flame or heated particles from the ex- 
nee System to.a surrounding inflammable atmosphere. The flame arrester 
: be so designed that it is readily accessible for inspection, repair, 
placement, >» Or cleaning. . The fleme arrester shall be of sufficiently 


beet construction to.withstand use in its intended application and shall 
80 Bituated in the locomotive assembly that it is .protected fram damege. 
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The seeoeeat parts of eny flene arrester mist be positively sie aat 
If a fleme arrester of the: spaced-plate type is used the thickness of the. 
plates mst be et least 0.125 inch; the space between plates mst be no 
greater than 0.02 inch; and the width of plates must be at least 1 inch. 
The unsupported length of the plates shall be such that deformation in the 
intended application shall not exceed 0.002 inch. Plates shall be of | ma~ 
terial not Subject to: Sorrento in the intended erpeoe es a 


i. shoust gool'ing system 


A cooling system hall be provided for the exhaust gas of the engine. 
The heat-dissipation capacity of. this ‘cooling system shell be such thst 
the temperature of the undiluted exhaust gas shall not oxcoed 160°F. at 
the point of discherege: from the cooling system under any condition of oper- 
ation. A device shell be provided which shall: stop the engine autcemati- 
cally end immediately if tho temperature of the exhaust. gas reaches sae 
at the point of ee +rom the cooling ee 7 


Cooling prerecuniy ahall ee obtained by a water spray eitoring the ex- 
haust system at a point.close to the outlet of the exhaust manifold or by 
passing the exheust ges through weter in suitable containers, or by a can 
bination of the two. If a water spray is used, the water shall be deli- 
vered to the spray nozzle by a pump, end the weter shall poss through a 
filtering dovice to protect the’ sprey nozzle from clogging. by oxtraneous 
material. Provision shall be made for draining and cleaning all exheust 
cooling boxes included in the edamae pcene 


If cooling equivelent to that obtained by the use of water cen be pro- 
vided by other means, ‘such means may be considered acceptable. 


| Coritrrok of Surface Temperature of: Exhaust System 


‘-Provision shalt ‘be mao for limiting the ‘Sanpete attained by the 
external surfaces of the exhaust system. The temperature of such surfaces 
shell not excecd 4O0°F,, under ‘eny condition of ehgine operation, If weter- 
jacketed parts are used the jaockots shall be integral with the parts in 
question. Insulating coverings thet would absorb o11 will not be consi- 
dered acceptable. 


If a water spray is employed to reduce the temperature of the cxheust 
gos, &S8 mentioned under "Exhsust Cooling System," the spray shall be sit- 
Udted as closely as possible to the outlet of the exhaust manifold to aid 
in feducing surface tentporature of this pone of the exhaust system. 


. Exterior Gavenous of fac seucus t ‘estan shall ne. designed to minimize 


cecumlation and lodgment of combustible dusts end ue eee pay access 
to these ee for cleaning. J 7 
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Dilytion of Exhaust Gas 


" Provision shall be made to dilute the exhaust gas: with’ ate i WiBore it 
is discharged from the locomotive into the surrounding atmosphere. ‘The 
quantity or diluting air shall be Such that the discherged mixture of. ex-. 
haust ges and the air sholl not contain more than 100 parts per million, 
by volume, of carbon monoxide; 25 parts per million, by volume,: of oxides 
of nitrogen (as equivalent nitrogen peroxide); or 10 parts per million, by: 


volume, of aldehydes (as equivalent a under any: condition of 
operation. 


_ The final (diluted) exhaust of the absenotive sholl be discharged in 
such manner that it is not directed toward the locomotive operator's com- 
pertment and shall be deflectod downwerd so that ‘persons peering ‘the lo- 
comotive do not encounter the cxhaust at breathing level. - 


Temperature - trdicgator- in Exhdust System 


JA temperature-indicating device shall ‘be provided in ‘the exhaust. -sys- 
ten to indicate the temperature OP the undiluted ‘exhaust gas after ite . °:., 
final contact with cooling water. The indicating portion of this device -: 
shall be situated in the operator's compartment os the locomotive. 


Provision for Attachment of Gage or SS -sam Lin 
ae aa ui ment to Exhaust S stem 


A connection shall be provided in the engine exhaust ava tee for cane 
porary attachment of a gage ot a point suitable for measuring the total 
back pressure in that aystem. . This connection shall be suitable also for 
temporary attachment of gas-sempling -squipment-‘to-the. exhaust system. This 
opening into the exhaust system shall, be provided with a locking closure. 


COMPOSITION OF EXHAUST GAS: 
- Under normal operating ‘conditions, end within the rated power output 
range » the undiluted exhaust gas of the engine shall’ not contain more ‘than 
0.25, Eee » by volume, of carbon monoxide s : 


LOCOMOTIVE FUEL- SUPPLY Syste 


Fuel - Tank | 


The fuel tank shall be fuel-tight orid’ shalt } be ‘of eee at ‘least 1/16 
inch thick welded at all SOOMS The fuel, tarik shall be provided with a :. 
drain plug (not a valve. or ‘petcock) that shell be lJocked in position when 
inserteq.. The fuel tenk shall. bo provided with ‘a vent opening of such de- 
Sign that atmospheric pressure is maintained inside the tank and that dis- 
‘Charge of liquid fuel from the vent opening is prevented. Constructian of 
the fuel tank shall be such, that ‘fuel may be caded- to the tank only through 
& self-closing valve éituated. at least I ‘foot from ‘the exhaust menifold of 
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the engine and preferably below it. The self-closing valve shall camstitute 
a fuel-tight ‘closure when fuel is not being added. Any part of the self- 
closing valve that would be detached during the addition of fuel shall be 
ReCege to the locomotive to prevent loss. 


The’ fuel tank sholi‘be e built-in unit comprising port of the. locono- 
tive assembly, and no provisian shall be made for oo of Seperate 
or auxiliary-fuel tanks to the locomotive. — 


Fuel Lines 


All fuel lines to the engino cnd its accessory or ‘aholl ‘Dde installed 
-go that they are not subject to dancge in ordinary. uso and shall ‘be designed 
to resist breakege from vibration. — 


. Valve in’ Fuel-Line - 


a A shut-off mechanism, operable from the’ driver's ‘compartment, shell be 
provided in the fuel system BO > “thay, the engine may ‘be stopped imodietely 
in’ an emergency: : 


“SIGNAL oR WARNING DEVICES | 


All Locomotives ‘phali- be. ‘oguipyed with | Q,. pel, orn » or other suitable 
worning Gevices: aaae device shall not be. electrically operated. 


~“ELBOTRIGAL EQUIPMENT 
Classification of Electrical Ports 


The ‘eiestrien perts of a locomotive diye may cause ignition of mine 
gas and coal dust are classifica as follows: 


Cless 1.’ -* Class 1-shali- ‘inelude motors; ; ‘starting Ewitehos. ; “fuses and 
all thoir parts that may produce sparks or flashes as the result of normal 
operation. Headlights, motors, rheostats, electromagnets, ond similer 
parts which may become dangerous because of failure of electriccl circuits 
in them are clso included in: this*class. Perts in this classification shell 
be enclosed in explosion-proof casings. 


Class 2. - Class 2 shell include all parts, such as batterios and cx- 
ternel connections and wiring between enclosures, that do not produce 
sparks or flashes os the result of normal operation but may do so as the 
result of accident. Parts in this classification shall have adequate 
Shields or guards of ca strength ond character proportionate to the risk of 
injury, or else they shall. be enclosed in explosion-proof costes 


* Glass 5. - Cless > ‘shal include: all’ parte suth os plugs ahd recepta- 
cles ‘that may produce sparks or flashes “in normal operation, » but are not 
of necessity operated while the locomotive is in a gassy place. Parts in 
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ericlosed in explosion-proof or adequately 


this classification shall be. 
locked casings. If locked casings are used » they shall: have edequate me- 
Chanicel strength. 


é 


Ime “at Electrical System 


The elseeeical ayaten on a6 iopauoives shell be completely insulated 
from the chassis, the a and all other netel pees 


Automatic” provoctiii ‘of Bloctrical Careuits end Equipment 


On locomotives ising ictoragg hatteried: for. starting of engines, exch - 

electrical conductor fromthe bettery to the starting motor shell be protect- 
ed against short circuit by fuses or other suitablo automatic circuit-inter- 
rupting devices placed at the battery unless conductors of adequate size are 
provided. 


Fuses or other automatic circuit-interrupting devices shall be inserted 
at the point where branch circuits, are connected.to. the main circuit between 
the charging generator cnd battery. Headlight circuits and circuits for in- 
strments and instrument panel lights. are: construed es. being branch circuits. 


Fuses shall be enclosed in explosion-proof cesings with locked or sealed 
covers « | 


err 


: Consus ta, , ond. Wir 3 

Every conductor shell have aeuate: ‘neusatice from "ground" and from 
cmductors of opposite polarity. Insulation shall be selected with special . 
reference to its ability to resist..deterilorction fran engine heat and oil. 


It is recommended that all conductors have « carrying capacity of not 
less than 110 percent of the total current. rating of the motor or other 
load connected to them. The basis for determining such carrying capacity 


Shall be thet given by the. Bae ibaa Code for “allowable currying 
capacities of ADCS: " |  & 


All wiring, nant ioulesas thet ee of tecrea or. Seupicetcne peer en- 
closures, shell have adequate mechanical and electrical protection to mini- 
nize gas-ignition hazards as well as fire hazards. If for any reason rigid 
conduit is unsuitadle or undesirable a good grade of rubber air hose or 
Cquivaicnt may be construed as meeting the requirenent for méchenical pro- 
tection if used where it will not be demaged by engine heat and oil. Flexi- 
ble metal conduit is not accuptable.. All conduit ends: must be- adequetely 
Clenped or Otherwise secured to prevent their being pulled-out. Inserts 
Should be used to prevent collapse of hose conduit ends that are secured 

by external clamps : 


> 


Sharp. edges and corners shall ive MenoyeiAe SAT. L points vies “here 26 
possibility of danaging the insulation of wires, cables, or conduits by 
Cutting or abrasion, 
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Wiring. and conduits shall be well-cleated or otherwise held. to prevent 
vibration and displecement. | 


The ends and terminal lugs of wires and cables shall be held or clamped 
in a manner that will minimize the possibility of the ends end lugs coming 
loose from their connections and swinging aghinst sides of rare casings 
or be an porte of opposite polarity. 


Electrical Clearances and Insulation 


The cleararice. between live parts and casings of electritet ‘equipment 
shell be such as to minimize the possibility of arcs striking to the casings, 
or if space is limited the casings shall, be lined with ia insulation, 


B/S 407/59, ' APPENDIX B 
BUXTON CERTIFICATE REQUIREMENTS, GREAT BRITAIN 
Diesel Engine Locomotives for Use in Coal Minés 
- Requirements as to design, construction and officicl test 
1. Design: oe. 


(a) The generel design of the engine shall comply with the normal rc- 
quirements for flameproof enclosure, with joints made between 
close-fitting metal-to-metal surfaces, except that the use of 
pecking materiel, e.g., metal geskets comprising metal-enclosed 
asbestos sheets, will not be excluded where such packing is essen- 
tla in order to obtain a pressure-tight joint. 


(b) A protective device (flame arrester) shall be fitted to both the 
air inlet and to the exhaust conditiger of the engine, and the | 
. design of the protective device shell comply with the general re- 
- quirements for flameproof enclosure, with such additional require- 
“ments in detail as may be aeemed necessary following examination 
and test of the device as prescribed hereinafter. The protective 
device shall be designed as a complete separate unit so that it 
may be removed for examination and replacement, as required, with- 
out disturbing the associated parts of the engine, 


(c) The component parts of inlet protective device, the exhaust. ee 

. tiloner box, and the exiioust protective device shall be constructed 
in best-quality stainléss steel or such other incorrodible materiai 
as may be decided upon in consultation with the manufacturer before 
or during the tests on these components, 


(d) If the presence of water forms an essential feature of the exhaust- 
conditioning arrangement, an interlocking device shall be provided 
to cut off the fuel supply to the engine aca in the 
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event of the water in the conditioner box or.the associated water 
supply tank ee a pre-determined amount below normal level. 


The exhaust pipe shell be Wercened ‘in such a manner as to prevent 


eccidental contact with the heated surface. 


The brake blocks and/or the brake-block linings for the wheels of 
the locomotives shall be of a type designed to minimize sparking 
by frictional contact, and the design of the braking device as a 
whole shall, as far as is practicable, be such as to mininize 
locking of the wheels and consequent frictional contact between 
the wheels and the rails. | : 


The efficiency of the engine shall be such that, in association 
with the exhauscv-conditioning arrangements and with due allowance 
for any back pressure introduced by the exhaust protective device, 
the emission of smoke or pungent fumes from the exhaust or the 
crank case will be minimized as far as is practicable. 


The radiator-cooling fan shall be constructed and mounted in such 


@nanner es will minimize the poses, of contact petween the 
fen blades and adjacent parts. 


¢. Examination and Test: 


(2) 


(d) 


The general design of the engine, and the constructional details 
of the exhaust conditioner box and the protective device, will 
be examined in conjunction with relevant drawings and the speci- 
fications of the makers, as.to campliance with the perenne 
prescribed pnder Item l. | 


Teste will be made to prove the. effoctiveness: of the protective 
device (flame arrester) when fitted to the particuler exheust- 
conditioner box with which it is to be associated. In genercl, 


. the tests will be the standard tests for flameproof enclosure. 


(c) 


With this apparatus the test will be made with pentane vapour, 
to represent petroleum vapour, applied under controllable condi- 
tions within the exhaust-conditioner box. Further tests under 
Sinilar conditions shall be made to prove the effectiveness of 
the protective, device when fitted to the air-inlet component of 
the engine, should tho design and/or the nethod of applying the 


. device to the air inlet be such ag to warrent the additional tests. 


Tests will be mado to obtein evidence : under running conditions, 
that the engine does not in any part attain such an internal ten- 


Porature as to be likely to ignite coal dust or other inflammable 
material. | 


The exanination reguired under item 2(a)-will be carricd out on 


the prenises of the mekers or their. oe or at tho Ministry of 
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Fuel and Power Testing Station et Buxton. The evidence required 
under Item 2(c) will be obtained by trial runs, against a con- 
trollable brake load or equivalent means, on the premises of the 
makers or their agents or at the Ministry of Fuel and Power Test- 
ing Station at Buxton, as may be most convenient. 


MODEL CODE 
COAL MINES ACT, 1911 


SPECIAL REGULATIONS FOR THE USE OF DIESEL OR STORAGE-BATTERY 
LOCOMOTIVES (INCLUDING SHUTTLE CARS) BELOW GROUND 


NOTE: - When the Minister of Fuel and Power consents to the introduction of 
Diesel or Storage Battery Locomotives (including shuttle cars) into any 
mine, his consent is subject to the establishment of appropriate Special 
Regulations to eeeteeNe their use. 


This model code is intended as a guide in drawing up suitable Special 
Regulations in any particular. case. It is in three parts: Regulations 
1-24, applicable to both systems of traction; Regulations 25-33, applicable 
only to Diesel Locomotives; and Regulations 54-41, applicable only to Stor- 
age Battery Locomotives. Where necessary, alternatives are provided for 
safety-lamp mines and naked light mines. 


ROADS AND TRACK. 


1. Locomotives shall only be used on such roads or in such districts 
and at such distances from the working face as may be specified in writing 
by the Inspector of the Division on the application of the manager. Any 
such ppecstToeEe on may be varied or withdrawn at any time. — 


ce No locomotive shall be used on any road on which there is a gradi- 
ent exceeding 1 in 10 for a shuttle car or 1 in le for any other locomotive. 


3. In the case of rail tracks - 


(a) The track shall have adequate strength and rigidity, and 

shall be properly laid end maintained; and 

(b) there shall be a clearance of at least one foot above and 
on one Side of the locomotive ‘and at least two feet cn 
the other side. 


4, -Every road on which locomotives are used shall be placed in charge 
of a competent person appointed in writing by the manager, and cnce at 
least in every 24 hours the competent person shall inspect the whole of 
every such road with respect to its clearance end freedcm from obstructions 
and the stete of the track and to the presence ef gas, ventilation, state 
of roof and sides, coal dust, and general safety, and shell make a full and 
accurate report in writing to the manager. 
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VENTILATION (SAFETY LAMP MINES ONLY) 


5. The following Regulations 6, 7, and 8 shall apply to seems in 
yuich safety lamps are used. 


6. Amn application to the Inspector of the Division in accordance with 
Regulation tJ shall be accompanied by the following particulars: 


(a) In the case of locomotives running on rails - 


(b ) 


(1) 


(44) 


(iii) 


(iv) 


In the 


(1) 


(11) 


(111) 


The quantity of air passing and the percentage of in- 
flammable gas present in the general body of the air 
determined on cach shift over a period of not less 

than six consecutive working days at each end of the road» 
or part of a road on which locomotives are proposed to be used and 
at every intermediate point where air from a split en- 
ters the road; provided that with respect to any main 
inteke airway commencing at a shaft or outlet to the 
Surface the percentage of inflammable gas shell not be 
required to ve determined except within 300 yards of 
the face; | 

Any other eir measurement taken in pursuance of the 
Act or the regulations of the mine during the four _ 
weeks preceding the application on the road or part 

of a roed on which locomotives are proposed to be used; 
Extracts from the reports made in pursuance of Sec- 
tions 64 and 65 of the Act with respect to any occa- 
sions on which deputies have reported the presence of 
inflammable gas during the previous three months in the 
ventilating district in which the locomotives are pro- 
posed to be used; end 

Any other particulars relating to the state of the ven- 
tilation on the road or part of a road on which locomo- 
tives are proposed to be used which are available or 
which the Inspector of the Division may require. 


case of shuttle cars - 


Such particulars, including cir measurements and deter- 
minations of inflemmabie gas, as will provide a full 
and accurate description of the state of the ventila- 
tion in the ventilating district in which the shuttle 
cars are proposed to be used; 

Extracts from the reports made in pursuance of Sec- 
tions 64 and 65 of the Act with respect to any occa- 
sions on which deputies have reported the presence of 
inflammable ges during the previous three months in 
the ventilating district in which the shuttle cars are 
proposed to be used; and 

Such other particulars as the Inspector of the Division 
may require. 
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a days thereafter; Se 
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In every road or part: of a road on which loccmotives are used: 


(1). , The. quantity of cin passing andthe percentage of inflemoeble 
gas ‘px “osent in the generel body of the cir shall (except as hereinafter | 
provided) be determined once et least in every week, and whenever ony al- 
. teration, is made in the auEnerYY of -air cireulating = et a 


ce 


. (pb) 
(é),, 


‘in the case oF aecanot ves anae on rails, ee adi 


-end.of the roud- or part of.a roed-on which they are 


used, Oz 


.in tne cuse of siuttle cars;, et vach end of the dis- 
trict in which they are used, :and 
in all. cases, at such intermediate points as may be 


fixed. by the mancger. with the approvel of the Inspector. 
Provided thet with respect ‘to ony mein intaxe elrway 


de commencing ct.e shaft or outlet’ to the surface the per- 


centuge of inflarmable gas shall'not be required to be 
eee except within. oem lee of the face. 


(2). Te the ponbed ice: of hf lambs gas. in eny sample exceeds 
0.75 determinations shall be made at intervals not exceeding 24 hours for 
gO. long as the Taneriigis continues: ‘te sacha 0. 13. and for! at least six 


ae a Ser Cee 


_ - @)) ‘Tf end.c 80 core as the: ee of inflammable gos docs 
not exceed O 25 dn any.. sample, - it. shell: ear ase sus determinations to be 
mde. once at tenet An: Overy. month; Pe. bo ots 7 


: (ny ‘The. samples ‘Bhall de. ies Bie a: eae eae person appointed 
py the manager y in writing,.for the purpose, ond: at.times when experience 
shows that the percentage of inflomable gas:is! likely to be grcatest; and 
. & written record of. the results eases re Te abe seven’ days. 


6. Tf “tn any. penn or pact of 8 eos Of} : ‘which. Jocomotives are used 
tho percentage of . inflemmable ges present’in: the: general body of the air 
is found to exceed 1.25 » Or if cny indication of inflaumm:ble gas is seen 
on the lowered flame of a safety lanp in the genere1 body of the air - 


ae The official .in. charge. of the district shall! immediately be 
' informed, and the use.of locomotives.shall be discontinued 
forthwith on that;road or that. part of the road; the menz- 


ger shall also be informed ag soon as. ‘Possible; 


(b) . 


The use of. doeenct Bis es ghall not pe a seueenied except on 
the instruction af the nanager arter-steps have been taken 
to improve. the ventilation and.it has-been ascertained by 


_. anelysis of sumples of the air thet ‘the percentage of in- 
flammable gas present-din the. raaioe! ied of the air does 
not exceed one POT and Ua, Wee 
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‘Cc) ‘The owner ; “agent or manager shall- without: ‘delay report to 

oa thé Inspector of the Division any circumstances in which -: 
the use of the locomotives is discontinued because’ of the 
presence of camera ae ‘Bas. 


,, DESIGN AND OPERATION , 7 
: oc ae ‘lamp eae Watt: DoReck: co = 


_— (a) the protection of parts from which open fiané or hot or 
a. noxious ages: are iteple ner tees: in ordinary working; and 
‘(b) © the® ‘ganoey of: electrical enclosures ‘and of parts dnd! acces-" 
sories at which open sparking is liable’to ocecur in-ordi- ~* 
_ nary working; ; a. 
- - “' €@) the enclosure or protection of: cables and othier porte to. 
avoid the risk of fire - | a8 


every locomotive’ shall be ‘of a ‘type. ‘which has: beer ‘approved: ‘py: the Minister, 
and all parts’ of the locomotive’ end* its accessoriés shejl ne. property oo 
tained in» their designed conditions 7 | : 


9. (Neked light Ages) 


fa) The exhaust from the engine of every diesel locomotive shall 
“be'fitted with a trap ‘to prevent the émission of sparks or 


_ flame, and so far a8 Psst hse oe en eeson oo anoke or pun- 
. gent fumes ee * : 


Caer 
Z - ay : 1. 


- 


(b) Every eiecans eaten locomotive: ‘and all accessories used in 
conjunction therewith shall be constructed as far as possible 
Ss Oe non=infiammabdle material, and. any inflammable materiel 
which has to’ be- aged shali, as far as possible. be shrouded 
by a substantial metallic covering. 


— «LO. Every locomotive: shaki be provided with °~° 


ae @ speed aes Gra 30 npreeed = as to pee readily seen ty toe 
ce ee 


. ie cs o _* . » +e 
at . 4 so a8 a 
- - 


() an efficient ree and means for ening an: “auth: warn 
eo eee ane eee ae. 


ae 


)- 4 suitable - “type of portable fire ioxtinguislier : so y placed as 
ics be withtir easy. teach’ ce ‘the ‘driver. 


oti. in: at Ledst: in eres aly hours ~ 


appoint (1) Every locomotive shall be examined by a competent person 
» In writing, by the manaeeh; : 
1664 
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(3) “The : flameproof trap fitted. to the exhaust oponing of the en- 


gine of a Diesel locomotive shall be detached end Piisuge tors by a trap in 
clean condition. : | fs 


12. Once at least in every seven days .. 


(1) Every locomotive shall -be Sseanined by & competent ongincer 
appointed, in writing by the manager, who shall sce that it is in all res- 
pects in proper aoe Omaer - _ aes | 


- (2) (Safety-lamp mines In the case of a Diesel locomotive he 
‘shail seo’ that the flameproof trap fitted to the inlet opening of the en- 
gine and the inlet and exhaust Valves of . the. ce are. cleaned as often 
as is found necessary. a oe 

(2) - (Naked-light mincs).-In the case of a Diesel logcmotive he 
pegs seo that the inlet and exhaust valves of ‘the engine ere Cleaned as 
often as ae found nCoeerary: 


“Q): ‘The braking syatem of - every Josamotive ‘shall be ‘maintained in 
a, ae order, and once at loast, in; every. seven deys and after’ eny re- 
pairs or adjustments have been made it shall be thoroughly examined and test- 
ed by a competent person appointed in writing by the manager. . 


caer 


3 ae an: (opps autien of. the. brakes when tthe locomotive is moving end 


_(b) except in the case of shuttle cars, a continuous application 
of the brakes for. a ea of: .at least ten minutes with the 
| aac wa ate oe 
14, “Reports of the exominations required to be madé under Regulations 
lL, 12, end 135 shall be recorded in & book. by the persons making the examin- 
ations, 


15. No locomotive shall be used if it ne any defect teks to affect 
its safe Funnies | ee Bee 


16. (1) The driver of a locomotive shall be » wicnasitea 4 in writing by 
‘the menager, and when the locamotive ia used for. a Persons he shall 
not. be less than cl years of age. - es 


(2) Without prejudice to the generality of the provisions of Arti- 

cle 1 of the Coal Mining (Training and Medical Exemination) Order, 1944, 
and any amendment or variation thoreof, no person shall be appointed to be 
the driver of a locomotive unless he has been adequately trained by e skill 
driver and is certified oy) him in writing 1 to be a to drive without 
supervision. . 
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17. The maneeor Shall = 


(a) fix by notice the maxcinaim ieaA — be. hauled by Sieh: locomo- 
tive and the maximum specd oe trains on oan road; and 


(bd) couse sautdoaney notices a be paved in the rox. aes wherever 
special precautions are necessary to onsure “ae eure ‘running 
of trains; and ae ' 


(c) give to each driver directions writing with respect to 
loads, speed and all such other matters as are pecessary to 
ensure ee safe ae of trains. . 


18. No workman sense ens the aviver ond the shunter shall ; ride on. 
eny locmotive except with the ea of the manager: for purposes of 


treining or tes ‘ing. 


19. Except when ne in Shunting opers sions » &@ loccmotive shell 
always be in oe of ee aa 


MAN-RIDING TRAINS ~ 


20. (a) The locomotive shall be used in connection with the riding 
of « shift of persons only if, : igen 


either (i) the shift is ridden in a train of carriages guitably 
~ designed and used only for that purpose, . . 

or (ii) the shift 1s ridden in a set of mine cars each of at 

a ' least 30 cwts. coal a ie in good order and 


' repeir. 


(bd) on eoaasuye used only for 5 adie persons, the fends shell 
be provided with a braking system such that it can be operated from the 
locomotive end from the last carriage, even if it becomes detached, and 
means shall be provided in the locomotive and on each carriege for keeping 
the brake cpplied. a & ao 


(c) on roadways used for the haulage of mineral and also for 
riding persons in mine cars, the breking system of the locomotive shall be 
einer the train. is at all times under aiequete control, and no workmen 
sista ae nN any train in which mineral is hauled. Where the train con- 
ae more than one car ‘the cars shall be fitted with & means of attach- 

addition to the ordinary coupling. 


Ale The Ianager shall by notice fix the maximum number of persons who 


8hal} 
ri ride in Cach carriage and the maximum number of persons who shall 
de in Sech train, | 


ete & aT pereon appointed in pursuance of 'No,. 23 of the General Regu- 
10th July, 1913, to heve charge of a train (hereinafter called 
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the guord) shall be appointed in writing by the manager end shall not be 
the driver of the train.. 


23. (a) On paling over a trein uscd exclusively for riding persons 
end after the locomotive or any carricge has been coupled or uncoupled, 
the driver and the guard sholl test the braking system of the locomotive 
and the emergency braking systom, and each shall satisfy himself that both 
eee ance effectively. 


0 ) Before a trein of mine cars is used for riding persons, the 
driver of the locomotive shall test the braking system and shall satisfy 
himself that it functions effectively. The guard shell see thet all the 
mine cars are properly coupled. 5 


eh, Each carriage and coupling shall be meinteined in proper working 
order and shall be examined by = competent person, appointed by the manager, 
once at least in every 24 hours. 
REGULATIONS APPLICABLE ONLY TO DIESEL LOCOMOTIVES 
"General 
25. No locomotive shall be run into any unventilated road. 


-26. The engine shall not be kept running while a locomotive is sta- 
tionary, except for short periods when necessary... 


27. A sample of exhaust gos from every locomotive shall be analysed 
once et least in every three months, end the locomotive shall be deemed to 
be defective if the exhaust gas at any time contains more than five parts 
per thousand of carbon monoxide. 


Fuel end oe brrangemints 
28. The ofl used es fuel - _ 
(a) shell have a flashpoint of not less than 150 degrees Fahren- 
heit as determined in the manner indicated in the current 


British Stendard Specification (No. 209); 


(b>) shell only be taken below ground in sufficient quentity for 
one day's working; and 


(c) shall be taken below: ground in strong receptacles which do 
not leak. 


29, The ofl tanks shall be filled only at a filling station appointed 
by the manager and epproved by the Inspector of the Division. 
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50. (1) Eech filling station shell heve a floor of smooth concrete 
provided W with ¢ a pay and. o- the filling station is a room it shall also be - 


wr 


ay veritilated by Oh: through current of air; 
ey vpwousacd with two. separate” means of egress ; ‘ond 
Ge ) constructed of non-inflemmable material. 


(2) Waewiace: means fon extihguishing fires shall. © be ot ema rants 
ly avellable et cach filling station. : 


41, (1) Adequate moans shall be ‘provided to avoid as far as possible 
spillage of Oil during the filling cf oll tanks. 


(2) Any oil spilt shall be at once taken up with sand, deposited 
in o - fireproor: receptacle,: 7 end removed fran the mine an eee intervals. 


32, In mines where safety lamps are not used decane. » no ae 
other then ec locked safety lamp: or en electric lamp enclosed in a suitable 
ond substuntial fitting shell be used in or within 10 yords of any sae 
statim, ond no person shall ‘smoke in or within 10 yards of any ee . 


statian. 


33. Bk copy: of Regulations 28 to (33, , inclusive > shall be opt posted 
et each filling station. Bait | 


‘REGULATIONS APPLICABLE ONLY TO STORAGE-BATTERY LOCOMOTIVES 
| General | | 


3h. the Batteries shell be. contained in suitable and. ggbatent ied en- 
closures Jesigned to resist rough usage and fitted with suiteble ventila- 
tors” co “eperse. the gases evolved. — 


J+ The working voltage at the battery’ termincls shall not exceed *#, 
' Char tations 


ond 36. If the batteries are charged or changed below excants this shall - 
a be done ct 2 charging station appointed by the manager and epproved by 
¢ Inspector of the Division. 


: aes aoe cherging station shall be edequea ae ventilated to render 

on the: eAy @ses evolved, and. the charging apparatus shall be installed 

from the Gare © side of the battery ragks » 8O that the ventilation pesses 
tory racks direct into the return airway. 


38.- No inf 
charging state temmnle materiel shell be used in the construction of any 
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39. Rawudte mecns for oxtinguishing fire shell be kept constantly 
aveilable at each charging station. 


40. In mines where safety lamps cro not used throughout, no lamp or 
light other then a locked safety lamp or an electric lemp enclosed’ in «4 
suitable and substantial fitting shell be used in or within 10 ycrds of 
any charging station, and no person shall smoke in or within 10 ycrds of 
any charging station. 


41. A copy of Reguletions 36 to ed inclusive, shall be kept posted 
up at each charging station. 


SCHEDULE 


COAL MINES ACT, 1911 


Special Regulations for the use of Internel-Combustion Engines Underground 


1. The engine’ room shell have e« traveling road, at least four fect 
wide and four fest high, communicating direct with e mein return air-wey 
or with a return air-way which comaunicates direct with a main return air- 
wey, through which the air current which ventilotes the engine-roam shall | 
pass to the main return air-way. 


2. The engine-room shall be continuously ond thoroughly ventilated 
and so as to dilute and render harmless ol1 fumes produced by the engine. 


3. Tho petroleum shall be conveyed into the mine in strong, sealed 
tanks so made and maintained as to be entirely free from levkege, and fitted 
with o pump for filling and emptying or a-closed pipe which allows the en- 
gine tank to be filled by gravity, and the tanks shull only be filled and 
emptied by means of such pump or closed pipe. 


4. The petroleum sncll only be taken into the mine in qucntity suf- 
ficient for one duy's working of tho engine, except at a iia when a 
sufficient supply for two days may be taken into the mine, 


5. When the tank of the engine is being filled with petroleum frm 
the sealed tanks the petroleum shalt not be allowed to. come into contact 
with the atmosphere. 


6s. Te the tank Of ths. cnpine ae Gstachapie- 1% enall be teen out 
of the mine whenever it is aha ak) to! clean it. 


7, The sealed tanks when ticen into the mine’ shall either be kept, 
except when required for use, in a securely closed chamber which shall be 
situated on the intake side of the engine-room at a distance of not less 
than 20 yards, or ehaoll be kept in the mine only so long as is necessary 
to convey them to and from the ungine and to fill the engine tank. 
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8. <Any spilt petroleum shall be at once covered or taken up with 
sands 


9.  Uniess the place where the cngine is situated and all pleces 
yithin < xeollus cf ten yards thoreof cre naturally wet througnout, the 
rof, fLoor and sides, for 2 distance of at letst ten yards in all direc- 
tins, Sholl be kept free from dust, and the roof end siccs shall be kept 
thrughly whitewached for the seme distance. 


10. No wood or other inflammeble meterial shall be used or allowed 
to renin in the vicinity of the engine-roon. 


NL. No lamp or light other then locked safety lamps shall be used 
within thes engine-room except when lighting up. 


le. No petroleum shall be used for the purposes of the engine which 
hes 8 Flash point below 100 degrees Fahrenheit when tested in the manner 
set forth in the First Schedule to the Petroleum Act, 1079. 


13. The waste oil from the engine and the refuse cottom-waste shall 
not be allowed to accumulate, but shall be sent out of the mine daily. 
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